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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Application No. 62/045,997, filed September 4,
2014, the contents of which is hereby incorporated by reference in its entirety herein.

GRANT INFORMATION

[0002] This invention was made with government support under Grant No. HL053750 from National Heart, Lung and
Blood Institute. The government has certain rights in the invention.

INTRODUCTION

[0003] The presently disclosed subject matter provides expression cassettes and vectors comprising such expression
cassettes that express a globin protein, e.g., a human B-globin protein. The presently disclosed subject matter further
provides expression cassettes that comprise a globin gene or a functional portion thereof operably linked to a -globin
locus control region (LCR) comprising a plurality of Dnase | hypersensitive sites. The expression cassettes of the presently
disclosed subject matter comprise one or more insulators that counteract the effect of enhancer elements. The insulators
disclosed herein do not substantially adversely impact the titer of a vector that comprises the presently disclosed ex-
pression cassettes. The expression cassettes and vectors can be used for treating a hemoglobinopathy, e.g., p-tha-
lassemia, and sickle cell anemia.

BACKGROUND

[0004] p-thalassemia and sickle cell anemia are severe congenital anemias that are caused by defective production
of the B chain of hemoglobin. In B-thalassemia, the 3 chain deficit leads to the intracellular precipitation of excess a-
globin chains, causing ineffective erythropoiesis and hemolytic anemia (Weatherall and Clegg (1981), Stamatoyannop-
oulos et al., (1994), Weatherall (2001), Steinberg (2001)). In the most severe forms found in homozygotes or compound
heterozygotes, anemia is lethal within the first years of life in the absence of any treatment (Cooley and Lee (1925)).
Lifelong transfusion therapy is needed to correct anemia, suppress ineffective erythropoiesis and inhibit gastrointestinal
iron absorption (Weatherall and Clegg (1981), Stamatoyannopoulos et al. (1994), Weatherall (2001), Steinberg (2001)).
However, transfusion therapy itself leads to iron overload, which is lethal if untreated. The prevention and treatment of
iron overload are the major goals of current patient management (Giardina (2001)). The only current curative treatment
to cure B-thalassemia is to provide erythroid precursors harboring normal globin genes through allogeneic bone marrow
transplantation (BMT) (Giardini and Lucarelli (1994), Boulad et al. (1998), Lucarelli et al. (1999), Tisdale and Sadelain
(2001)).

[0005] In sickle cell anemia, the hemoglobin B chain is mutated at amino acid position 6 (Glu — Val), leading to the
synthesis of pS instead of the normal pA chain (Steinberg (2001), Pauling et al. (1949)). The resulting hemoglobin, HbS,
causes accelerated red cell destruction, erythroid hyperplasia and painful vaso-occlusive ‘crises’ (Steinberg (2001)).
Vaso-occlusion can damage organs, eventually causing long-term disabilities (e.g. following stroke or bone necrosis),
and sometimes sudden death. While a very serious disorder, the course of sickle cell disease is typically unpredictable
(Steinberg (2001)). By increasing production of fetal hemoglobin (Swank and Stamatoyannopoulos (1998)) and sup-
pressing hematopoiesis, hydroxyurea can produce a measurable clinical benefit (Platt et al. (1984)), Charache et al.
(1992), Atweh and Loukopoulos (2001)). Since hydroxyurea is a cytotoxic agent, there is a great need for alternative,
less toxic drugs to induce y-globin gene expression (Perrine et al. (2005), Stamatoyannopoulos (2005)). As for p-tha-
lassemia, allogeneic bone marrow transplantation (BMT) is at present the only curative therapy for sickle cell disease
(Tisdale and Sadelain (2001), Vermylen et al. (1998), Luzzatto and Goodfellow (1989)).

[0006] BMT, however, is not available as a therapeutic option to most patients suffering from p-thalassemia or sickle
cell disease, due to the lack of an HLA-matched bone marrow donor for mostindividuals. Furthermore, although potentially
curative, allogeneic BMT is not devoid of complications. Safe transplantation requires the identification of a histo-com-
patible donor to minimize the risks of graft rejection and graft-versus-host disease (Tisdale and Sadelain (2001), Vermylen
et al. (1998), Luzzatto and Goodfellow (1989)). Because of the greater risks associated with matched-unrelated or
mismatched transplants, most patients have to settle for life-long transfusion therapy, which does not correct ineffective
erythropoiesis and exacerbates systemic iron accumulation. Moreover, despite the considerable improvement in life
expectancy in the last decades (Borgna-Pignatti et al. (2004), Telfer et al. (2009), Ladis et al. (2011)), the risk of some
serious complications arising over the long term from viral infections, iron toxicity and liver cirrhosis, remain (Mancuso
etal. (2006)). These medical risks, together with the socio-economic cost of chronic p-thalassemia, underscore the need
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for safe, effective and curative therapies.

[0007] Theonlymeansto cureratherthantreatsevere B-thalassemiaisto provide the patient with healthy hematopoietic
stem cells (HSCs). HSCs normally give rise to all blood cell types, including 20 billion RBCs per day in adults. HSCs
can be harvested from a donor with wild-type B-globin genes to yield long-lived red blood cells (RBCs) with a normal
content in hemoglobin. Alternatively, one may genetically correct the patient’'s own HSCs, which at once resolves the
search for a donor and eliminates the risks of graft-versus-host disease and graft rejection associated with allogeneic
BMT (Sadelain (1997), Sadelain et al. (2007)). Globin gene transfer aims to restore the capacity of the p-thalassemic
subject’s own blood-forming stem cells to generate RBCs with a sufficient hemoglobin content Sadelain et al. (2007),
Persons and Tisdale (2004), Sadelain (2006)). The goal in patients with sickle cell anemia is to prevent sickling, which
can be achieved by diluting the endogenous HbS with a non-sickling Hb that incorporates the vector-encoded globin
chain. The patient's own HSCs are the cells that have to be genetically modified to ensure long-lasting therapeutic
benefits and achieve a curative stem cell-based therapy.

[0008] The implementation of globin gene transfer for the treatment of severe p-thalassemia and sickle cell anemia
requires the efficient introduction of a regulated human B- or B-like globin gene in HSCs. The B-globin gene (or B-like
variant) must be expressed in erythroid-specific fashion and at high level, especially for the treatment of transfusion-
dependent beta-zero thalassemias.

[0009] The globin vectors developed to date present shortcomings that may limit or even preclude their safe use in
thalassemia and sickle cell patients. Some of the B-globin locus control region (LCR) components contained in the
vectors, in particular Dnase | hypersensitive site-2 (HS2), may have non-erythroid activity, exposing patients to the risk
of insertional oncogenesis as seen with non-specific expression vectors. Further, the use of large LCR segments can
be detrimental to the production of high titer vectors and the efficient transduction of patients HSCs. Accordingly, there
is a need for novel globin expression cassettes that allow for therapeutic expression of a globin gene (e.g., human B-
globin gene) in erythroid-specific and differentiation stage-specific fashion with minimal risk of insertional oncogenesis,
and that enable high level transduction, thus improving their safety when used in treating thalassemia and sickle cell
patients.

SUMMARY OF THE INVENTION

[0010] The presently disclosed subject matter generally provides enhancer blocking insulators, and certain insulators
additionally possess barrier insulator activity. The presently disclosed subject matter also provides expression cassettes
comprising one or more insulators and allows for expression of a globin gene (e.g., ahuman f globin gene). Also provided
are vectors comprising such expression cassettes, cells transduced with such expression cassettes or such vectors,
and uses of such expression cassettes for treating hemoglobinopathies (e.g., p-thalassemia and sickle cell anemia).
[0011] In certain non-limiting embodiments, the presently disclosed subject matter provides an insulator comprising
the CTCF binding site sequence set forth in SEQ ID NO:18, for example, but not limited to, an insulator comprising SEQ
ID NO: 24 or SEQ ID NO:25, such as an insulator having the nucleotide sequence set forth in SEQ ID NO:1 (and see
infra). The presently disclosed subject matter also provides expression cassettes comprising at least one insulator
comprising the CTCF binding site sequence set forth in SEQ ID NO:18, for example, but not limited to, an insulator
comprising SEQ ID NO: 24 or SEQ ID NO:25, such as an insulator having the nucleotide sequence set forth in SEQ ID
NO:1. In a non-limiting embodiment, an expression cassette comprises at least one insulator comprising the CTCF
binding site sequence set forth in SEQ ID NO:18, for example, but not limited to, an insulator comprising SEQ ID NO:
24 or SEQ ID NO:25, such as an insulator having the nucleotide sequence set forth in SEQ ID NO:1, and a globin gene
or a functional portion thereof operably linked to a B-globin locus control region (LCR). In certain embodiments, the -
globin LCR does not comprise a Dnase | hypersensitive site-2 (HS2) region. In certain embodiments, the -globin LCR
region does not comprise a core sequence of HS2. In one non-limiting embodiment, the core sequence of HS2 has the
nucleotide sequence set forth in SEQ ID NO:20. In one non-limiting embodiment, the core sequence of HS2 has the
nucleotide sequence set forth in SEQ ID NO:21. In certain embodiments, the B-globin LCR does not comprise a HS2
region that sustains the enhancer activity of HS2. In one non-limiting embodiment, the B-globin LCR comprises a Dnase
| hypersensitive site-1 (HS1) region, a Dnase | hypersensitive site-3 (HS3) region, and a Dnase | hypersensitive site-4
(HS4) region. In certain embodiments, the HS3 region is positioned between the HS1 and the HS4 region.

[0012] In certain embodiments, the HS1 region is about 1.1 kb bp in length. In one non-limiting embodiment, the HS1
region is between about 500bp and about 1000 bp in length. In one non-limiting embodiment, the HS1 region has the
nucleotide sequence set forth in SEQ ID NO:2. In certain embodiments, the HS1 region is about 600 bp in length. In
one non-limiting embodiment, the HS1 region is 602 bp in length. In certain embodiments, the HS1 region is between
about 500 and about 600 bp in length. In one non-limiting embodiment, the HS1 region has the nucleotide sequence
set forth in SEQ ID NO:3. In certain embodiments, the HS1 region is about 490 bp in length. In one non-limiting embod-
iment, the HS1 region is 489 bp in length. In one non-limiting embodiment, the HS1 region has the nucleotide sequence
set forth in SEQ ID NO:4. In one non-limiting embodiment, the B-globin LCR comprises a HS1 region having a nucleotide
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sequence set forth in SEQ ID NO:2, a HS3 region having a nucleotide sequence set forth in SEQ ID NO:5, and a HS4
region having a nucleotide sequence set forth in SEQ ID NO:6, and the B-globin LCR region does not comprise a HS2
region. In one non-limiting embodiment, the B-globin LCR region comprises a HS1 region having a nucleotide sequence
set forth in SEQ ID NO:3, a HS3 region having a nucleotide sequence set forth in SEQ ID NO:5, and a HS4 region having
a nucleotide sequence set forth in SEQ ID NO:8, and the B-globin LCR does not comprise a HS2 region. In one non-
limiting embodiment, the B-globin LCR comprises a HS1 region having a nucleotide sequence set forth in SEQ ID NO:4,
a HS3 region having a nucleotide sequence set forth in SEQ ID NO:5, and a HS4 region having a nucleotide sequence
set forth in SEQ ID NO:8, and the B-globin LCR does not comprise a HS2 region.

[0013] In certain embodiments, the B-globin LCR region does not comprise a HS1 region and/or does not comprise
a HS2 region, and the B-globin LCR does not comprise a core sequence of HS2. In certain embodiments, the B-globin
LCR does not comprise a core sequence of HS1. In one non-limiting embodiment, the core sequence of HS1 has the
nucleotide sequence set forth in SEQ ID NO:22. In one non-limiting embodiment, the core sequence of HS1 has the
nucleotide sequence set forth in SEQ ID NO:23. In certain embodiments, the B-globin LCR does not comprise a HS1
region that sustains the function of HS1. In certain embodiments, the -globin LCR comprises a HS3 region and a HS4
region and does not comprise a core sequence of HS1. In certain embodiments, the HS3 region is positioned between
a globin gene or functional portion thereof and the HS4 region. In certain embodiments, the HS3 region is between about
200 and about 1400bp in length, e.g., between about 1300 and 1400 bp in length. In certain embodiments, the HS3
region is about 1300bp in length. In one non-limiting embodiment, the HS3 region is 1301bp in length. In one non-limiting
embodiment, the HS3 region has the nucleotide sequence set forth in SEQ ID NO:5. In certain embodiments, the HS4
region is between about 200 and about 1200bp in length, e.g., between about 400 and 1100 bp in length. In certain
embodiments, the HS4 region is about 1.1 kb in length. In one non-limiting embodiment, the HS4 region is 1065bp in
length. In one non-limiting embodiment, the HS4 region has the nucleotide sequence set forth in SEQ ID NO:6. In one
non-limiting embodiment, the HS4 region has the nucleotide sequence set forthin SEQ ID NO:7. In certain embodiments,
the HS4 region is about 450 bp in length. In one non-limiting embodiment, the HS4 region is 446 bp in length. In one
non-limiting embodiment, the HS4 region has the nucleotide sequence set forth in SEQ ID NO:8. In one non-limiting
embodiment, the B-globin LCR region comprises a HS3 region having the nucleotide sequence set forth in SEQ ID NO:5
and a HS4 region having a nucleotide sequence setforth in SEQ ID NO:6, and the -globin LCR region does not comprise
a HS1 region or a HS2 region.

[0014] Alternatively, the B-globin LCR region can comprise a HS2 region, a HS3 region, and a HS4 region. In certain
embodiments, the HS2 region is between about 400 and about 1000bp in length, e.g., between about 800 and 900 bp
in length. In certain embodiments, the HS2 region is about 860bp in length. In one non-limiting embodiment, the HS2
region has the nucleotide sequence set forth in SEQ ID NO:9. In certain embodiments, the HS3 region is about 1300bp
in length. In one non-limiting embodiment, the HS3 region is 1301bp in length. In one non-limiting embodiment, the HS3
region has the nucleotide sequence set forth in SEQ ID NO:5. In certain embodiments, the HS4 region is about 1.1 kb
in length. In one non-limiting embodiment, the HS4 region is 1065bp in length. In one non-limiting embodiment, the HS4
region has the nucleotide sequence set forth in SEQ ID NO:7. In one non-limiting embodiment, the B-globin LCR region
comprises a HS2 region having the nucleotide sequence set forth in SEQ ID NO:9, a HS3 region having the nucleotide
sequence set forth in SEQ ID NO:5, and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:7.
Additionally, the B-globin LCR region can further comprise a HS1 region.

[0015] In certain embodiments, the globin gene is selected from the group consisting of B-globin gene, y-globin gene,
and 8-globin gene. In one non-limiting embodiment, the globin gene is human B-globin gene. In non-limiting embodiments,
the human -globin gene is selected from the group consisting of a wild-type human p-globin gene, a deleted human f-
globin gene comprising one or more deletions of intron sequences, and a mutated human B-globin gene encoding at
least one anti-sickling amino acid residue. In one non-limiting embodiment, the human B-globin gene is human pA-globin
gene encoding a threonine to glutamine mutation at codon 87 (BA-T87Q),

[0016] In certain embodiments, the expression cassette comprises one insulator comprising the CTCF binding site
sequence set forth in SEQ ID NO:18, for example, but not limited to, an insulator comprising SEQ ID NO: 24 or SEQ ID
NO:25, such as an insulator having the nucleotide sequence set forth in SEQ ID NO:1. In certain embodiments, the
expression cassette comprises two insulators, each comprising the CTCF binding site sequence set forth in SEQ ID
NO:18, for example, but not limited to, where one or both insulators comprise SEQ ID NO: 24 or SEQ ID NO:25 and/or
have the nucleotide sequence set forth in SEQ ID NO:1.

[0017] Incertainembodiments, the expression cassette further comprises a 3-globin promoter. In certain embodiments,
the B-globin promoter is positioned between the globin gene or functional portion thereof and p-globin LCR region. In
certain embodiments, the B-globin promoter is between about 200 and about 700bp in length. In one non-limiting em-
bodiment, the B-globin promoter is a human B-globin promoter that is about 613bp in length. In one non-limiting embod-
iment, the human B-globin promoter has the nucleotide sequence set forth in SEQ ID NO:10. In another non-limiting
embodiment, the B-globin promoter is a human B-globin promoter that is about 265bp in length. In one non-limiting
embodiment, the f human B-globin promoter has the nucleotide sequence set forth in SEQ ID NO:11.
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[0018] In certain embodiments, the expression cassette further comprises a human B-globin 3’ enhancer. In certain
embodiments, the human B-globin 3’ enhancer is positioned in the upstream of the globin gene or functional portion
thereof. In certain embodiments, the B-globin 3’ enhancer is between about 700 and about 900bp in length, e.g., between
about 800 and 900 bp in length. In one non-limiting embodiment, the human B-globin 3’ enhancer is about 879 bp in
length. In one non-limiting embodiment, the human B-globin 3’ enhancer has the nucleotide sequence set forth in SEQ
ID NO:12.

[0019] In certain embodiments, the expression cassette further comprises at least one erythroid-specific enhancer. In
certain embodiments, the at least one erythroid-specific enhancer is positioned between the globin gene or functional
portion thereof and the B-globin LCR region. In certain embodiments, the at least one erythroid-specific enhancer has
a nucleotide sequence selected from the group consisting of SEQ ID NOS: 13, 14, 15, 16 and 17. In certain embodiments,
the at least one erythroid-specific enhancer is between about 100 and about 200bp in length. In certain embodiments,
the expression cassette comprises one, two or three erythroid-specific enhancers.

[0020] In certain embodiments, the expression cassette allows for expression of the globin gene or functional portion
thereof in a mammal. In one non-limiting embodiment, the expression cassette allows for expression of a human f-
globin gene. In certain embodiments, the expression of the globin gene or functional portion thereof is restricted to
erythroid tissue.

[0021] The presently disclosed subject matter also provides recombinant vectors comprising the above-described
expression cassettes. In certain embodiments, the recombinant vector is a retroviral vector. In one non-limiting embod-
iment, the retroviral vector is a lentivirus vector. In certain embodiments, the expression cassette comprised in the
recombinant vector comprises one insulator. In certain embodiments, the recombinant vector further comprises a Wood-
chuck hepatitis post-regulatory element (WPRE) in the 3’ long terminal repeat (LTR) of the vector. In certain embodiments,
the recombinant vector further comprises a bovine growth hormone polyadenylation signal in the 3’ long terminal repeat
(LTR) of the vector.

[0022] In addition, the presently disclosed subject matter provides non-naturally occurring or engineered nucleases
comprising the above-described expression cassettes. In certain embodiments, the nuclease is selected from the group
consisting of a non-naturally occurring or engineered zinc-finger nuclease (ZFN), a non-naturally occurring or engineered
meganuclease, and a non-naturally occurring or engineered transcription activator-like effector nuclease (TALEN). In
certain embodiments, the nuclease comprises a DNA binding domain and a nuclease cleavage domain. In certain
embodiments, the nuclease binds to a genomic safe harbor site. In certain embodiments, the nuclease generates a
double strand break (DSB) at the genomic safe harbor site. In certain embodiments, the expression cassette comprised
in the nuclease comprises two of the insulator having the nucleotide sequence set forth in SEQ ID NO:1. In certain
embodiments, the nuclease allows for targeted delivery of the expression cassette. The presently disclosed subject
matter also provides polynucleotides encoding the above-described nucleases, and vectors comprising the polynucle-
otides. In one non-limiting embodiment, the vector is a lentiviral vector.

[0023] Furthermore, the presently disclosed subject matter provides non-naturally occurring or engineered CRISPR-
Cas systems comprising the above-described expression cassettes. In certain embodiments, the CRISPR-Cas system
comprises a CRISPR-Cas nuclease and single-guide RNA. In certain embodiments, the CRISPR-Cas system binds to
a genomic safe harbor site. In certain embodiments, the CRISPR-Cas system generates a double strand break (DSB)
at the genomic safe harbor site. In certain embodiments, the expression cassette comprised in the CRISPR-Cas system
comprises two of the insulator having the nucleotide sequence set forth in SEQ ID NO:1. In certain embodiments, the
CRISPR-Cas allows for targeted delivery of the expression cassette. The presently disclosed subject matter also provides
polynucleotides encoding the above-described CRISPR-Cas systems, and vectors comprising the polynucleotides. In
one non-limiting embodiment, the vector is a lentiviral vector.

[0024] In some embodiments, the genomic safe harbor site is an extragenic genomic safe harbor site. In certain
embodiments, the genomic safe harbor site is located on chromosome 1. In some embodiments, the genomic safe
harbor meets all of the following five criteria: (1) distance of at least 50 kb from the 5’ end of any gene (e.g., from the 5’
end of the gene), (ii) distance of at least 300 kb from any cancer-related gene, (iii) within an open/accessible chromatin
structure (measured by DNA cleavage with natural or engineered nucleases), (iv) location outside a gene transcription
unit and (v) location outside ultraconserved regions (UCRs), microRNA or long non-coding RNA of the human genome.
[0025] Additionally, the presently disclosed subject matter provides cells transduced with the above-described expres-
sion cassettes, cells transduced with the above-described recombinant vectors, cells transduced with the above-de-
scribed nucleases, cells transduced with the above-described CRISPR-Cas systems. In addition, the presently disclosed
subject matter provides cells transduced with the above-described vectors. In certain embodiments, the cell is selected
from the group consisting of a hematopoietic stem cell, an embryonic stem cell, an induced pluripotent stem cell, and a
hemogenic endothelium cell. In one non-limiting embodiment, the hematopoietic stem cell is a CD34* hematopoietic
stem cell. In certain embodiments, the cell is transduced ex vivo.

[0026] Also provided are pharmaceutical compositions comprising an effective amount of the above-described cells
and a pharmaceutically acceptable carrier. The presently disclosed subject matter also provides pharmaceutical com-
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positions for treating a hemoglobinopathy comprising an effective amount of the above-described cells and a pharma-
ceutically acceptable carrier.

[0027] Furthermore, the presently disclosed subject matter provides kits for treating a hemoglobinopathy comprising
the above-described cells. In certain embodiments, the kits further comprise written instructions for using the cell for
treating a subject having a hemoglobinopathy.

[0028] Inaddition, the presently disclosed subject matter provides methods of treating a hemoglobinopathy in a subject,
comprising administering an effective amount of the above-described cells to the subject, thereby restoring the subject’s
ability to produce red blood cells containing normal hemoglobin. In certain embodiments, a therapeutically relevant level
of hemoglobin is produced in the subject following administering the cell to the subject. In certain amendments, the
method comprises administering an effective amount of the cell transduced with the above-described recombinant vector.
In some embodiments, the vector copy number of the recombinant vector in the cell that provides for the therapeutically
relevant level of hemoglobin in the subject is about 0.5-2 vector copy number per cell. In certain embodiments, the
method corrects ineffective erythropoiesis in the subject. In certain embodiments, the method does not incur the risk of
graft-versus-host disease in the subject. In certain embodiments, the method does not comprise administering an im-
munosuppressive agent. In certain embodiments, the cell is selected from the group consisting of a hematopoietic stem
cell, an embryonic stem cell, an induced pluripotent stem cell, and a hemogenic endothelium cell. In one non-limiting
embodiment, the subjectis a human. In certain embodiments, the cell is from the subject. In one non-limiting embodiment,
the cell is from bone marrow of the subject.

[0029] In accordance with the presently disclosed subject matter, the hemoglobinopathy can be selected from the
group consisting of hemoglobin C disease, hemoglobin sickle cell disease (SCD), sickle cell anemia, hereditary anemia,
thalassemia, B-thalassemia, thalassemia major, thalassemia intermedia, a-thalassemia, and hemoglobin H disease. In
one non-limiting embodiment, the hemoglobinopathy is B-thalassemia. In another non-limiting embodiment, the hemo-
globinopathy is sickle cell anemia.

[0030] Aspects or embodiments of the invention may also be provided according to the following paragraphs:

1. An insulator comprising the CTCF binding site sequence set forth in SEQ ID NO:18.

2. The insulator of paragraph 1, comprising SEQ ID NO: 24 or SEQ ID NO:25

3. The insulator of paragraph 2, having the nucleotide sequence set forth in SEQ ID NO:1.

4. An expression cassette comprising the insulator of any of paragraphs 1-3, and a globin gene or a functional
portion thereof operably linked to a B-globin locus control region (LCR) region.

5. The expression cassette of paragraph 4, wherein the B-globin LCR region does not comprise a Dnase | hyper-
sensitive site-2 (HS2) region.

6. The expression cassette of paragraph 5, wherein the B-globin LCR region does not comprise a core sequence
of HS2.

7. The expression cassette of paragraph 6, wherein the core sequence of HS2 has the nucleotide sequence set
forth in SEQ ID NO:20.

8. The expression cassette of paragraph 6, wherein the core sequence of HS2 has the nucleotide sequence set
forth in SEQ ID NO:21.

9. The expression cassette of paragraph 4, wherein the B-globin LCR region does not comprise a HS2 region that
sustains the enhancer activity of HS2.

10. The expression cassette of any one of paragraphs 4-9, wherein the p-globin LCR region comprises a Dnase |
hypersensitive site-1 (HS1) region, a Dnase | hypersensitive site-3 (HS3) region, and a Dnase | hypersensitive site-
4 (HS4) region.

11. The expression cassette of paragraph 10, wherein the HS3 region is positioned between the HS1 region and
the HS4 region.

12. The expression cassette of paragraph 10 or 11, wherein the HS1 region is about 1.1 kb in length.

13. The expression cassette of paragraph 12, wherein the HS1 region has the nucleotide sequence set forth in SEQ
ID NO:2.

14. The expression cassette of paragraph 10 or 11, wherein the HS1 region is about 600 bp in length.

15. The expression cassette of paragraph 14, wherein the HS1 region is 602 bp in length.

16. The expression cassette of paragraph 15, wherein the HS1 region has the nucleotide sequence set forth in SEQ
ID NO:3.

17. The expression cassette of paragraph 10 or 11, wherein the HS1 region is about 490 bp in length.

18. The expression cassette of paragraph 17, wherein the HS1 region is 489 bp in length.

19. The expression cassette of paragraph 18, wherein the HS1 region has the nucleotide sequence set forth in SEQ
ID NO:4.

20. The expression cassette of paragraph 4 or 5, wherein the 3-globin LCR region does not comprise a HS1 region.
21. The expression cassette of paragraph 20, wherein the -globin LCR region does not comprise a core sequence
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of HS1.

22. The expression cassette of paragraph 21, wherein the core sequence of HS1 has the nucleotide sequence set
forth in SEQ ID NO:22.

23. The expression cassette of paragraph 21, wherein the core sequence of HS1 has the nucleotide sequence set
forth in SEQ ID NO:23.

24. The expression cassette of paragraph 20, wherein the -globin LCR region does not comprise a HS1 region
that sustains the function of HS1.

25. The expression cassette of any one of paragraphs 20-24, wherein the B-globin LCR region comprises a HS3
region and a HS4 region.

26. The expression cassette of paragraph 25, wherein the HS3 region is positioned between the globin gene or
functional portion thereof and the HS4 region.

27. The expression cassette of any one of paragraphs 10-26, wherein the HS3 region is about 1300 bp in length.
28. The expression cassette of paragraph 27, wherein the HS3 region is 1301 bp in length.

29. The expression cassette of paragraph 28, wherein the HS3 region has the nucleotide sequence set forth in SEQ
ID NO:5.

30. The expression cassette of any one of paragraphs 10-29, wherein the HS4 region is about 1.1 kb in length.
31. The expression cassette of paragraph 30, wherein the HS4 region is 1065bp in length.

32. The expression cassette of paragraph 31, wherein the HS4 region has the nucleotide sequence set forth in SEQ
ID NO:6.

33. The expression cassette of paragraph 31, wherein the HS4 region has the nucleotide sequence set forth in SEQ
ID NO:7.

34. The expression cassette of any one of paragraphs 10-29, wherein the HS4 region is about 450 bp in length.
35. The expression cassette of paragraph 34, wherein the HS4 region is 446 bp in length.

36. The expression cassette of paragraph 35, wherein the HS4 region has the nucleotide sequence set forth in SEQ
ID NO:8.

37. The expression cassette of any one of paragraphs 5-11, wherein the B-globin LCR region comprises a HS1
region having the nucleotide sequence set forth in SEQ ID NO:2, a HS3 region having the nucleotide sequence set
forth in SEQ ID NO:5, and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:6, and the B-globin
LCR region does not comprise a HS2 region.

38. The expression cassette of any one of paragraphs 5-11, wherein the B-globin LCR region comprises a HS1
region having the nucleotide sequence set forth in SEQ ID NO:3, a HS3 region having the nucleotide sequence set
forth in SEQ ID NO:5, and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:8, and the B-globin
LCR region does not comprise a HS2 region.

39. The expression cassette of any one of paragraphs 5-11, wherein the B-globin LCR region comprises a HS1
region having the nucleotide sequence set forth in SEQ ID NO:4, a HS3 region having the nucleotide sequence set
forth in SEQ ID NO:5, and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:8, and the B-globin
LCR region does not comprise a HS2 region.

40. The expression cassette of any one of paragraphs 20-25, wherein the B-globin LCR region comprises a HS3
region having the nucleotide sequence set forth in SEQ ID NO:5 and a HS4 region having the nucleotide sequence
set forth in SEQ ID NO:6, and the B-globin LCR region does not comprise a HS1 region or a HS2 region.

41. The expression cassette of paragraph 4, wherein the 3-globin LCR region comprises a HS2 region, a HS3 region,
and a HS4 region.

42. The expression cassette of paragraph 41, wherein the HS2 region is 860bp in length.

43. The expression cassette of paragraph 42, wherein the HS2 region has the nucleotide sequence set forth in SEQ
ID NO:9.

44. The expression cassette of any one of paragraphs 41-42, wherein the HS3 region is about 1300 bp in length.
45. The expression cassette of paragraph 44, wherein the HS3 region is 1301 bp in length.

46. The expression cassette of paragraph 45, wherein the HS3 region has the nucleotide sequence set forth in SEQ
ID NO:5.

47. The expression cassette of any one of paragraphs 41-46, wherein the HS4 region is about 1.1 kb in length.
48. The expression cassette of paragraph 47, wherein the HS4 region is 1065 bp in length.

49. The expression cassette of paragraph 49, wherein the HS4 region has the nucleotide sequence set forth in SEQ
ID NO:7.

50. The expression cassette of paragraph 41, wherein the B-globin LCR region comprises a HS2 region having the
nucleotide sequence set forth in SEQ ID NO:9, a HS3 region having the nucleotide sequence set forth in SEQ ID
NO:5, and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:7.

51. The expression cassette of any one of paragraphs 41-50, wherein the B-globin LCR region further comprises a
HS1 region.
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52. The expression cassette of any one of paragraphs 4-51, wherein the globin gene is selected from the group
consisting of B-globin gene, y-globin gene, and 5-globin gene.

53. The expression cassette of paragraph 52, wherein the globin gene is human B-globin gene.

54. The expression cassette of paragraph 53, wherein the human B-globin gene is selected from the group consisting
of a wild-type human B-globin gene, a deleted human B-globin gene comprising one or more deletions of intron
sequences, and a mutated human B-globin gene encoding at least one anti-sickling amino acid residue.

55. The expression cassette of paragraph 54, wherein the human B-globin gene is human BA-globin gene encoding
a threonine to glutamine mutation at codon 87 (BA-T87Q),

56. The expression cassette of any one of paragraphs 4-55, comprising one insulator having the nucleotide sequence
set forth in SEQ ID NO:1.

57. The expression cassette of any one of paragraphs 4-55, comprising two of the insulator having the nucleotide
sequence set forth in SEQ ID NO:1.

58. The expression cassette of any one of paragraphs 4-57, further comprising a 3-globin promoter.

59. The expression cassette of paragraph 58, wherein the -globin promoter is positioned between the globin gene
or functional portion thereof and the p-globin LCR region.

60. The expression cassette of paragraph 58 or 59, wherein the B-globin promoter is a human B-globin promoter
that is about 613bp in length.

61. The expression cassette of paragraph 60, wherein the human B-globin promoter has the nucleotide sequence
set forth in SEQ ID NO:10.

62. The expression cassette of paragraph 58 or 59, wherein the B-globin promoter is a human B-globin promoter
that is about 265bp in length.

63. The expression cassette of paragraph 62, wherein the human B-globin promoter has the nucleotide sequence
set forth in SEQ ID NO:11.

64. The expression cassette of any one of paragraphs 4-63, further comprising a human B-globin 3’ enhancer.

65. The expression cassette of paragraph 64, wherein the human B-globin 3’ enhancer is positioned in the upstream
of the globin gene or functional portion thereof.

66. The expression cassette of paragraph 64 or 65, wherein the human B-globin 3’ enhancer is about 879 bp in length.
67. The expression cassette of paragraph 66, wherein the human -globin 3’ enhancer has the nucleotide sequence
set forth in SEQ ID NO:12.

68. The expression cassette of any one of paragraphs 5-67, further comprising at least one erythroid-specific en-
hancer.

69. The expression cassette of paragraph 68, wherein the at least one erythroid-specific enhancer is positioned
between the globin gene or functional portion thereof and p-globin LCR region.

70. The expression cassette of paragraph 68 or 69, wherein the at least one erythroid-specific enhancer has a
nucleotide sequence selected from the group consisting of SEQ ID NOS: 13, 14, 15, 16 and 17.

71. The expression cassette of any one of paragraphs 68-70, comprising one, two or three erythroid-specific en-
hancers.

72. The expression cassette of any one of paragraphs 4-71, wherein the expression cassette allows for expression
of the globin gene or functional portion thereof in a mammal.

73. The expression cassette of paragraph 72, wherein the expression cassette allows for expression of human (-
globin gene.

74. The expression cassette of paragraph 71 or 72, wherein the expression of the globin gene or functional portion
thereof is restricted to erythroid tissue.

75. A recombinant vector comprising the expression cassette of any one of paragraphs 4-74.

76. The recombinant vector of paragraph 75, wherein the recombinant vector is a retroviral vector.

77. The recombinant vector of paragraph 76, wherein the retroviral vector is a lentivirus vector.

78. Therecombinant vector of any one of paragraphs 75-77, wherein the expression cassette comprises one insulator
having the nucleotide sequence set forth in SEQ ID NO:1.

79. The recombinant vector of any one of paragraphs 75-77, further comprising a Woodchuck hepatitis post-regu-
latory element (WPRE) in the 3’ long terminal repeat (LTR) of the vector.

80. The recombinant vector of paragraph 79, further comprising a bovine growth hormone polyadenylation signal
in the 3’ long terminal repeat (LTR) of the vector.

81. A non-naturally occurring or engineered nuclease comprising the expression cassette of any one of paragraphs
4-74.

82. The nuclease of paragraph 81, wherein the nuclease is selected from the group consisting of a non-naturally
occurring or engineered zinc-finger nuclease (ZFN), a non-naturally occurring or engineered meganuclease, and a
non-naturally occurring or engineered transcription activator-like effector nuclease (TALEN).

83. The nuclease of paragraph 81 or 82, wherein the nuclease comprises a DNA binding domain and a nuclease
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cleavage domain.

84. The nuclease of any one of paragraphs 81-83, wherein the nuclease binds to a genomic safe harbor site.

85. The nuclease of paragraph 84, wherein the nuclease generates a double strand break (DSB) at the genomic
safe harbor site.

86. The nuclease of paragraph 84 or 85, wherein the genomic safe harbor site is an extragenic genomic safe harbor
site.

87. The nuclease of any one of paragraphs 84-86, wherein the genomic safe harbor site is located on chromosome 1.
88. The nuclease of any one of paragraphs 84-86, wherein the genomic safe harbor site meets all of the following
five criteria: (1) distance of at least 50 kb from the 5’ end of any gene (e.g., from the 5’ end of the gene), (ii) distance
of at least 300 kb from any cancer-related gene, (iii) within an open/accessible chromatin structure (measured by
DNA cleavage with natural or engineered nucleases), (iv) location outside a gene transcription unit and (v) location
outside ultraconserved regions (UCRs), microRNA or long non-coding RNA of the human genome.

89. The nuclease of any one of paragraphs 81-88, wherein the expression cassette comprises two of the insulator
having the nucleotide sequence set forth in SEQ ID NO:1.

90. The nuclease of any one of paragraphs 81-89, which allows for targeted delivery of the expression cassette.
91. A polynucleotide encoding the nuclease of any one of paragraphs 81-90.

92. A vector comprising the polynucleotide of paragraph 91.

93. The vector of paragraph 92, wherein the vector is a lentiviral vector.

94. A non-naturally occurring or engineered CRISPR-Cas system comprising the expression cassette of any one
of paragraphs 4-74.

95. The system of paragraph 94, wherein the CRISPR-Cas system comprises a CRISPR-Cas nuclease and a single-
guide RNA.

96. The system of paragraph 94 or 95, wherein the CRISPR-Cas system binds to a genomic safe harbor site.

97. The system of paragraph 96, wherein the CRISPR-Cas system generates a double strand break (DSB) at the
genomic safe harbor site.

98. The system of paragraph 95 or 96, wherein the genomic safe harbor site is an extragenic genomic safe harbor site.
99. The system of any one of paragraphs 95-98, wherein the genomic safe harbor site is located on chromosome 1.
100. The system of any one of paragraphs 95-99, wherein the genomic safe harbor site meets all of the following
five criteria: (1) distance of at least 50 kb from the 5’ end of any gene (e.g., from the 5’ end of the gene), (ii) distance
of at least 300 kb from any cancer-related gene, (iii) within an open/accessible chromatin structure (measured by
DNA cleavage with natural or engineered nucleases), (iv) location outside a gene transcription unit and (v) location
outside ultraconserved regions (UCRs), microRNA or long non-coding RNA of the human genome.

101. The system of any one of paragraphs 94-100, wherein the expression cassette comprises two of the insulator
having the nucleotide sequence set forth in SEQ ID NO:1.

102. The system of any one of paragraphs 94-101, which allows for targeted delivery of the expression cassette.
103. A polynucleotide encoding the CRISPR-Cas system of any one of paragraphs 94-102.

104. A vector comprising the polynucleotide of paragraph 103.

105. The vector of paragraph 104, wherein the vector is a lentiviral vector.

106. A cell transduced with the expression cassette of any one of paragraphs 4-74.

107. A cell transduced with the recombinant vector of any one of paragraphs 75-80.

108. A cell transduced with the nuclease of any one of paragraphs 81-90.

109. A cell transduced with the CRISPR-Cas system of any one of paragraphs 94-102.

110. A cell transduced with the vector of any one of paragraphs 92, 93, 104 and 105.

111. The cell of any one of paragraphs 106-110, wherein the cell is selected from the group consisting of a hemat-
opoietic stem cell, an embryonic stem cell, an induced pluripotent stem cell, and a hemogenic endothelium cell.
112. The cell of paragraph 111, wherein the hematopoietic stem cell is a CD34* hematopoietic stem cell.

113. The cell of any one of paragraphs 106-112, wherein the cell is transduced ex vivo.

114. A pharmaceutical composition comprising an effective amount of the cell of any one of paragraphs 106-113
and a pharmaceutically acceptable carrier.

115. A pharmaceutical composition for treating a hemoglobinopathy comprising an effective amount of the cell of
any one of paragraphs 106-113 and a pharmaceutically acceptable carrier.

116. The pharmaceutical composition of paragraph 115, wherein the hemoglobinopathy is selected from the group
consisting of hemoglobin C disease, hemoglobin sickle cell disease (SCD), sickle cell anemia, hereditary anemia,
thalassemia, B-thalassemia, thalassemia major, thalassemia intermedia, a-thalassemia, and hemoglobin H disease.
117. The pharmaceutical composition of paragraph 116, wherein the hemoglobinopathy is -thalassemia.

118. The pharmaceutical composition of paragraph 116, wherein the hemoglobinopathy is sickle cell anemia.

119. A kit for treating a hemoglobinopathy comprising the cell of any one of paragraphs 106-113.

120. The kit of paragraph 119, wherein the kit further comprises written instructions for using the cell for treating a
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subject having a hemoglobinopathy.

121. The kit of paragraph 119 or 120, wherein the hemoglobinopathy is selected from the group consisting of
hemoglobin C disease, hemoglobin sickle cell disease (SCD), sickle cell anemia, hereditary anemia, thalassemia,
B-thalassemia, thalassemia major, thalassemia intermedia, a-thalassemia,and hemoglobin H disease.

122. The kit of paragraph 121, wherein the hemoglobinopathy is p-thalassemia.

123. The kit of paragraph 121, wherein the hemoglobinopathy is sickle cell anemia.

124. A method of treating a hemoglobinopathy in a subject, comprising administering an effective amount of the cell
of any one of paragraphs 106-113 to the subject, thereby restoring the subject’s ability to produce red blood cells
containing normal hemoglobin.

125. The method of paragraph 124, wherein a therapeutically relevant level of hemoglobin is produced in the subject
following administering the cell to the subject.

126. A method comprising administering an effective amount of the cell transduced with the recombinant vector of
any one of paragraphs 75-80.

127. The method of paragraph 126, wherein the vector copy number of the recombinant vector in the cell that
provides for the therapeutically relevant level of hemoglobin in the subject is about 0.5-2 vector copy number per cell.
128. The method of any one of paragraphs 124-127, wherein the method corrects ineffective erythropoiesis in the
subject.

129. The method of any one of paragraphs 124-128, wherein the method does not incur the risk of graft-versus-
host disease to the subject.

130. The method of any one of paragraphs 124-129, wherein the method does not comprise administering an
immunosuppressive agent.

131. The method of any one of paragraphs 124-130, wherein the hemoglobinopathy is selected from the group
consisting of hemoglobin C disease, hemoglobin sickle cell disease (SCD), sickle cell anemia, hereditary anemia,
thalassemia, B-thalassemia, thalassemia major, thalassemia intermedia, a-thalassemia,and hemoglobin H disease.
132. The method of paragraph 131, wherein the hemoglobinopathy is B-thalassemia.

133. The method of paragraph 131, wherein the hemoglobinopathy is sickle cell anemia.

134. The method of any one of paragraphs 124-133, wherein the cell is selected from the group consisting of a
hematopoietic stem cell, an embryonic stem cell, an induced pluripotent stem cell, and a hemogenic endothelium cell.
135. The method of any one of paragraphs 124-134, wherein the subject is a human.

136. The method of any one of paragraphs 124-135, wherein the cell is from the subject.

137. The method of paragraph 136, wherein the cell is from bone marrow of the subject.

BRIEF DESCRIPTION OF THE FIGURES

[0031] The following Detailed Description, given by way of example, but not intended to limit the invention to specific
embodiments described, may be understood in conjunction with the accompanying drawings.

Figure 1 depicts a recombinant vector comprising an expression cassette in accordance with one non-limiting
embodiment of the presently disclosed subject matter.

Figure 2 depicts a recombinant vector an expression cassette in accordance with one non-limiting embodiment of
the presently disclosed subject matter.

Figure 3 depicts a recombinant vector an expression cassette in accordance with one non-limiting embodiment of
the presently disclosed subject matter.

Figure 4 depicts a recombinant vector an expression cassette in accordance with one non-limiting embodiment of
the presently disclosed subject matter.

Figures 5A-C represent the genotoxicity of insulator A1. (A) demonstrate the gammaretroviral vector genotoxicity
assay used. (B) notice the increased survival of mice receiving 32D cells transduced with insulated gammaretroviral
vector. Also notice the results obtained with cHS4 and with the uninsulated control. (C) show that insulator A1
decreased the risk of genotoxicity.

Figure 6 represents normalized f chain expression in thalassemic Hbbt"3/* mice 8 and 44 weeks post-treatment.
Figure 7 represents the evaluation of enhancer activity in non-erythroid K562 cells.

Figure 8 represents the erythroid-specific enhancers in accordance with certain embodiments of the presently
disclosed subject matter.

Figure 9 represents the erythroid-specific enhancers in accordance with certain embodiments of the presently
disclosed subject matter.

Figures 10A-B depict various recombinant vectors comprising the presently disclosed expression cassettes.
Figure 11 represents the titer of the recombinant vectors comprising the presently disclosed expression cassettes.
Figure 12 represents the titer of the recombinant vectors comprising the presently disclosed expression cassettes.
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DETAILED DESCRIPTION OF THE INVENTION

[0032] The presently disclosed subject matter generally provides expression cassettes that allow for expression of a
globin gene (e.g., human B-globin gene). In one non-limiting example, the expression cassette comprises at least one
insulator comprising the CTCF binding site sequence set forth in SEQ ID NO:18, for example, but not limited to, an
insulator comprising SEQ ID NO: 24 or SEQ ID NO:25, such as an insulator having the nucleotide sequence set forth
in SEQ ID NO:1 and a globin gene or a functional portion thereof operably linked to a B-globin locus control region (LCR)
region. The expression of the globin gene induced by the presently disclosed expression cassettes is erythroid-specific,
differentiation stage-specific, high-level, and sustained. The presently disclosed subject matter also provides recombinant
vectors, non-naturally occurring or engineered nucleases, and non-naturally occurring or engineered CRISPR-Cas sys-
tems comprising such expression cassettes, and cells transduced with such expression cassettes, recombinant vectors,
nucleases and CRISPR-Cas systems. The presently disclosed expression cassettes and vectors comprising thereof
provide for a safe gene transfer therapy as therapeutic transgene expression is achieved (e.g., a therapeutically relevant
level of hemoglobin is produced) with a low vector copy number per cell (e.g., 0.5-2, 1-2, or even 0.5-1). In addition, the
presently disclosed subject matter provides methods of using such transduced cells for treating a hemoglobinopathy
(e.g., p-thalassemia and sickle cell anemia).

I. Definitions

[0033] Unless defined otherwise, all technical and scientific terms used herein have the meaning commonly understood
by a person skilled in the art to which this invention belongs. The following references provide one of skill with a general
definition of many of the terms used in this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The Glossary of Genetics,
5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale & Marham, The Harper Collins Dictionary of Biology
(1991). As used herein, the following terms have the meanings ascribed to them below, unless specified otherwise.
[0034] As used herein, the term "expression cassette" refers to a nucleic acid construct, generated recombinantly or
synthetically, with a series of specified nucleic acid elements, which permit transcription of a particular nucleic acid in a
target cell. The expression cassette can be incorporated into a plasmid, chromosome, mitochondrial DNA, plastid DNA,
virus or nucleic acid region. The expression cassette portion can include a gene to be transcribed and elements that
control the expression of the gene (e.g., a promoter).

[0035] As used herein, the term "B-globin locus control region (LCR) region" refers to a polynucleotide composed of
one or more Dnase | hypersensitive site (HS) regions, including a HS1 region, a HS2 region, a HS3 region, and a HS4
region. The structure of many LCRs of the B-globin genes have been published, e.g., human (Li et al., J. Biol. Chem.
(1985); 260:14,901; Li et al., Proc. Natl. Acad. Sci. (1990) 87:8207); mouse (Shehee et al., J. Mol. Biol. (1989);205:41);
rabbit (Margot et al., J. Mol. Biol. (1989);205:15); and goat (Li, Q., et al., Genomics (1991);9:488), each of which are
incorporated by reference herein. In certain embodiments, the B-globin LCR region comprises a HS2 region (e.g., a -
globin LCR region comprising a HS2 region, a HS3 region and a HS4 region; and a -globin LCR region comprising a
HS1 region, a HS2 region, a HS3 region and a HS4 region). In certain embodiments, the -globin LCR region does not
comprise a HS2 region (e.g., a B-globin LCR region comprising a HS1 region, a HS3 region, a HS4 region). In certain
embodiments, the B-globin LCR region does not comprise a HS2 region or a HS1 region (e.g., a -globin LCR region
comprising a HS3 region and a HS4 region).

[0036] As used herein, the term "recombinant” includes reference to a cell or vector, that has been modified by the
introduction of a heterologous nucleic acid or that the cell is derived from a cell so modified. Thus, for example, recombinant
cells express genes that are not found in identical form within the native (non-recombinant) form of the cell or express
native genes that are otherwise abnormally expressed, under expressed or not expressed at all as a result of deliberate
human intervention or may have reduced or eliminated expression of a native gene.

[0037] As used herein, the term "globin" refers to a family of heme-containing proteins that are involved in the binding
and transport of oxygen. Subunits of vertebrate and invertebrate hemoglobins, vertebrate and invertebrate myoglobins
or mutants thereof are included by the term globin.

[0038] As used herein, the term "wild-type" refers to the normal gene, virus, or organism found in nature without any
mutation or modification.

[0039] The terms "polynucleotide”, "nucleotide", "nucleotide sequence", "nucleic acid" and "oligonucleotide" are used
interchangeably. They refer to a polymeric form of nucleotides of any length, either deoxyribonucleotides or ribonucle-
otides, or analogs thereof. Polynucleotides may have any three dimensional structure, and may perform any function,
known or unknown. The following are non limiting examples of polynucleotides: coding or non-coding regions of a gene
or gene region, loci (locus) defined from linkage analysis, exons, introns, messenger RNA (mRNA), transfer RNA,
ribosomal RNA, short interfering RNA (siRNA), short-hairpin RNA (shRNA), micro-RNA (miRNA), ribozymes, cDNA,
recombinant polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated
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RNA of any sequence, nucleic acid probes, and primers. A polynucleotide can comprise one or more modified nucleotides,
such as methylated nucleotides and nucleotide analogs. In particular embodiments, the presently disclosed subject
matter provides polynucleotides encoding one or more globin genes or fuctional portions thereof. If present, modifications
to the nucleotide structure may be imparted before or after assembly of the polymer. The sequence of nucleotides may
be interrupted by non nucleotide components. A polynucleotide may be further modified after polymerization, such as
by conjugation with a labeling component. Such polynucleotides need not be 100% identical with an endogenous nucleic
acid sequence, but will typically exhibit substantial identity. Polynucleotides having "substantial identity" to an endogenous
sequence are typically capable of hybridizing with at least one strand of a double-stranded nucleic acid molecule. By
"hybridize" is meant pair to form a double-stranded molecule between complementary polynucleotide sequences (e.g.,
a gene described herein), or portions thereof, under various conditions of stringency. (See, e.g., Wahl, G. M. and S. L.
Berger (1987) Methods Enzymol. 152:399; Kimmel, A. R. (1987) Methods Enzymol. 152:507).

[0040] For example, stringent salt concentration will ordinarily be less than about 750 mM NaCl and 75 mM trisodium
citrate, preferably less than about 500 mM NaCl and 50 mM trisodium citrate, and more preferably less than about 250
mM NaCl and 25 mM trisodium citrate. Low stringency hybridization can be obtained in the absence of organic solvent,
e.g., formamide, while high stringency hybridization can be obtained in the presence of at least about 35% formamide,
and more preferably at least about 50% formamide. Stringent temperature conditions will ordinarily include temperatures
of at least about 30° C, more preferably of at least about 37° C, and most preferably of at least about 42° C. Varying
additional parameters, such as hybridization time, the concentration of detergent, e.g., sodium dodecyl sulfate (SDS),
and the inclusion or exclusion of carrier DNA, are well known to those skilled in the art. Various levels of stringency are
accomplished by combining these various conditions as needed. In a preferred: embodiment, hybridization will occur at
30° Cin 750 mM NacCl, 75 mM trisodium citrate, and 1% SDS. In a more preferred embodiment, hybridization will occur
at 37° C in 500 mM NaCl, 50 mM trisodium citrate, 1% SDS, 35% formamide, and 100 pn.g/ml denatured salmon sperm
DNA (ssDNA). In a most preferred embodiment, hybridization will occur at 42° C in 250 mM NacCl, 25 mM trisodium
citrate, 1% SDS, 50% formamide, and 200 pg/ml ssDNA. Useful variations on these conditions will be readily apparent
to those skilled in the art.

[0041] For most applications, washing steps that follow hybridization will also vary in stringency. Wash stringency
conditions can be defined by salt concentration and by temperature. As above, wash stringency can be increased by
decreasing salt concentration or by increasing temperature. For example, stringent salt concentration for the wash steps
will preferably be less than about 30 mM NaCl and 3 mM trisodium citrate, and most preferably less than about 15 mM
NaCl and 1.5 mM trisodium citrate. Stringent temperature conditions for the wash steps will ordinarily include a temper-
ature of at least about 25° C, more preferably of at least about 42° C, and even more preferably of at least about 68° C.
In a preferred embodiment, wash steps will occur at 25° C in 30 mM NaCl, 3 mM trisodium citrate, and 0.1% SDS. In a
more preferred embodiment, wash steps will occur at 42° C. in 15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS.
In a more preferred embodiment, wash steps will occur at 68° C in 15 mM NaCl, 1.5 mM trisodium citrate, and 0.1%
SDS. Additional variations on these conditions will be readily apparent to those skilled in the art. Hybridization techniques
are well known to those skilled in the art and are described, for example, in Benton and Davis (Science 196:180, 1977);
Grunstein and Rogness (Proc. Natl. Acad. Sci., USA 72:3961, 1975); Ausubel et al. (Current Protocols in Molecular
Biology, Wiley Interscience, New York, 2001); Berger and Kimmel (Guide to Molecular Cloning Techniques, 1987,
Academic Press, New York); and Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Labo-
ratory Press, New York.

[0042] As used herein, the terms "polypeptide" and "protein" are used interchangeably to refer to a polymer of amino
acid residues and to variants and synthetic analogues of the same. Thus, these terms apply to amino acid polymers in
which one or more amino acid residues are synthetic non-naturally occurring amino acids, such as a chemical analogue
of a corresponding naturally occurring amino acid, as well as to naturally-occurring amino acid polymers. Particular
embodiments of the presently disclosed subject matter also include polypeptide "variants." Polypeptide "variant" refers
to polypeptides that are distinguished from a reference polypeptide by the addition, deletion, truncations, and/or substi-
tution of at least one amino acid residue, and that retain a biological activity. In certain embodiments, a polypeptide
variant is distinguished from a reference polypeptide by one or more substitutions, which may be conservative or non-
conservative, as known in the art. In certain embodiments, a variant polypeptide includes an amino acid sequence having
at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or more sequence identity or similarity to a corresponding sequence of a reference polypeptide. In certain embodiments,
the amino acid additions or deletions occur at the C-terminal end and/or the N-terminal end of the reference polypeptide.
In certain embodiments, the amino acid deletions include C-terminal truncations of about 1, about 2, about 3, about 4,
about 5, about 6, about 7, about 8, about 9, about 10, about 15, about 20, about 25, about 30, about 35, about 40, about
45, 50, about 55, about 60, about 65, about 70, about 75, about 80, about 85, about 90, about 95, about 100, about 105,
about 110, about 115, about 120, about 125, about 130, about 135, about 140, about 145, about 150, about 155, about
160, about 165, about 170, or about 175 or more amino acids, including all intervening numbers of amino acids, e.g.,
25, 26, 27, 29, 30 ... 100, 101, 102, 103, 104, 105 ... 170, 171, 172, 173, 174, efc.
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[0043] As notedabove, polypeptides of the presently disclosed subject matter may be altered in various ways including
amino acid substitutions, deletions, truncations, and insertions. Methods for such manipulations are generally known in
the art. For example, amino acid sequence variants of a reference polypeptide can be prepared by mutations in the
DNA. Methods for mutagenesis and nucleotide sequence alterations are well known in the art. See, for example, Kunkel
(1985, Proc. Natl. Acad. Sci. USA. 82: 488-492), Kunkel et al., (1987, Methods in Enzymol, 154: 367-382), U.S. Pat.
No. 4,873,192, Watson, J. D. et al., Molecular Biology of the Gene, Fourth Edition, Benjamin/Cummings, Menlo Park,
Calif, 1987) and the references cited therein. Guidance as to appropriate amino acid substitutions that do not affect
biological activity of the protein of interest may be found in the model of Dayhoff et al., (1978) Atlas of Protein Sequence
and Structure (Natl. Biomed. Res. Found., Washington, D.C.).

[0044] As used herein, the term "substantially identical" refers to a polypeptide or a polynucleotide exhibiting at least
50% identity to a reference amino acid sequence (for example, any one of the amino acid sequences described herein)
or a nucleic acid sequence (for example, any one of the nucleic acid sequences described herein). Preferably, such a
sequence is at least 60%, more preferably 80% or 85%, and more preferably 90%, 95% or even 99% identical at the
amino acid level or nucleic acid to the sequence used for comparison.

[0045] Sequenceidentity orhomology is typically measured using sequence analysis software (for example, Sequence
Analysis Software Package of the Genetics Computer Group, University of Wisconsin Biotechnology Center, 1710
University Avenue, Madison, Wis. 53705, BLAST, BESTFIT, GAP, or PILEUP/PRETTYBOX programs). Such software
matches identical or similar sequences by assigning degrees of homology to various substitutions, deletions, and/or
other modifications. In an exemplary approach to determining the degree of identity or homology, a BLAST program
may be used, with a probability score between e-3 and e-100 indicating a closely related sequence. The percentage of
identity between two sequences can also be determined with programs such as DNAMAN (Lynnon Biosoft, version 3.2).
Using this program two sequences can be. aligned using the optimal alignment algorithm (Smith and Waterman, 1981).
After alignment of the two sequences the percentage identity can be calculated by dividing the number of identical
nucleotides between the two sequences by the length of the aligned sequences minus the length of all gaps.

[0046] Terms thatdescribe the orientation of polynucleotides include: 5’ (normally the end of the polynucleotide having
afree phosphate group) and 3’ (normally the end of the polynucleotide having a free hydroxyl (OH) group). Polynucleotide
sequences can be annotated in the 5’ to 3’ orientation or the 3’ to 5’ orientation.

[0047] As used herein, a "single guide RNA" or a "synthetic guide RNA" refers to the polynucleotide sequence com-
prising the guide sequence, the tracr sequence and the tracr mate sequence. The term "guide sequence" refers to the
about 20 bp sequence within the guide RNA that specifies the target site and may be used interchangeably with the
terms "guide" or "spacer". The term "tracr mate sequence" may also be used interchangeably with the term "direct
repeat(s)".

[0048] The terms "non-naturally occurring” or "engineered" are used interchangeably and indicate the involvement of
the hand of man. The terms, when referring to nucleic acid molecules or polypeptides mean that the nucleic acid molecule
or the polypeptide is at least substantially free from at least one other component with which they are naturally associated
in nature and as found in nature.

[0049] As used herein, the term "expression" refers to the process by which a polynucleotide is transcribed from a
DNA template (such as into and mRNA or other RNA transcript) and/or the process by which a transcribed mRNA is
subsequently translated into peptides, polypeptides, or proteins. Transcripts and encoded polypeptides may be collec-
tively referred to as "gene product." If the polynucleotide is derived from genomic DNA, expression may include splicing
of the mRNA in a eukaryotic cell.

[0050] As used herein, the term "treating" or "treatment" refers to clinical intervention in an attempt to alter the disease
course of the individual or cell being treated, and can be performed either for prophylaxis or during the course of clinical
pathology. Therapeutic effects of treatment include, without limitation, preventing occurrence or recurrence of disease,
alleviation of symptoms, diminishment of any direct or indirect pathological consequences of the disease, preventing
metastases, decreasing the rate of disease progression, amelioration or palliation of the disease state, and remission
or improved prognosis. By preventing progression of a disease or disorder, a treatment can prevent deterioration due
to a disorder in an affected or diagnosed subject or a subject suspected of having the disorder, but also a treatment may
prevent the onset of the disorder or a symptom of the disorder in a subject at risk for the disorder or suspected of having
the disorder.

[0051] As used herein, the term "subject" refers to any animal (e.g., a mammal), including, but not limited to, humans,
non-human primates, rodents, and the like (e.g., which is to be the recipient of a particular treatment, or from whom cells
are harvested).

[0052] As used herein, the term "isolated cell" refers to a cell that is separated from the molecular and/or cellular
components that naturally accompany the cell. As used herein, the term "isolated" refers to material that is free, sub-
stantially free, or essentially free to varying degrees from components which normally accompany it as found in its native
state. "Isolate" denotes a degree of separation from original source or surroundings.

[0053] As used herein, the term "cell population” refers to a group of at least two cells expressing similar or different
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phenotypes. In non-limiting examples, a cell population can include at least about 10, at least about 100, at least about
200, at least about 300, at least about 400, at least about 500, at least about 600, at least about 700, at least about 800,
at least about 900, at least about 103 cells, at least about 104 cells, at least about 105 cells, at least about 108 cells, at
least about 107 cells, or at least about 108 cells expressing similar or different phenotypes.

[0054] As used herein, the term "cleavage" refers to the breakage of the covalent backbone of a DNA molecule.
Cleavage can be initiated by a variety of methods including, but not limited to, enzymatic or chemical hydrolysis of a
phosphodiester bond. Both single-stranded cleavage and double-stranded cleavage are possible, and double-stranded
cleavage can occur as a result of two distinct single-stranded cleavage events. DNA cleavage can result in the production
of either blunt ends or staggered ends. In certain embodiments, fusion polypeptides are used for targeted double-stranded
DNA cleavage.

[0055] As used herein, the term "cleavage half-domain" refers to a polypeptide sequence which, in conjunction with
a second polypeptide (either identical or different) forms a complex having cleavage activity (preferably double-strand
cleavage activity). The terms "first and second cleavage half-domains;" "+ and - cleavage half-domains" and "right and
left cleavage half-domains" are used interchangeably to refer to pairs of cleavage half-domains that dimerize.

[0056] As used herein, the term "chromosome" refers to a chromatin complex comprising all or a portion of the genome
of a cell. The genome of a cell is often characterized by its karyotype, which is the collection of all the chromosomes
that comprise the genome of the cell. The genome of a cell can comprise one or more chromosomes.

[0057] As used herein, the term "gene" includes a DNA region encoding a gene product, as well as all DNA regions
which regulate the production of the gene product, whether or not such regulatory sequences are adjacent to coding
and/or transcribed sequences. Accordingly, a gene includes, but is not limited to, promoter sequences, terminators,
translational regulatory sequences such as ribosome binding sites and internal ribosome entry sites, enhancers, silencers,
insulators, boundary elements, replication origins, matrix attachment sites and locus control regions

[0058] The terms "operative linkage" and "operatively linked" (or "operably linked") are used interchangeably with
reference to a juxtaposition of two or more components (such as sequence elements), in which the components are
arranged such that both components function normally and allow the possibility that at least one of the components can
mediate a function that is exerted upon at least one of the other components. By way of illustration, a transcriptional
regulatory sequence, such as a promoter, is operatively linked to a coding sequence if the transcriptional regulatory
sequence controls the level of transcription of the coding sequence in response to the presence or absence of one or
more transcriptional regulatory factors. A transcriptional regulatory sequence is generally operatively linked in cis with
a coding sequence, but need not be directly adjacent to it. For example, an enhancer is a transcriptional regulatory
sequence that is operatively linked to a coding sequence, even though they are not contiguous.

[0059] A "functional region" or "functional portion" of a protein, polypeptide or nucleic acid is a protein, polypeptide or
nucleic acid whose sequence is not identical to the full-length protein, polypeptide or nucleic acid, yet retains the same
function as the full-length protein, polypeptide or nucleic acid. A functional region can possess more, fewer, or the same
number of residues as the corresponding native molecule, and/or can contain one or more amino acid or nucleotide
substitutions. Methods for determining the function of a nucleic acid (e.g., coding function, ability to hybridize to another
nucleic acid) are well-known in the art. Similarly, methods for determining protein function are well-known. For example,
the DNA-binding function of a polypeptide can be determined, for example, by filter-binding, electrophoretic mobility-
shift, or immunoprecipitation assays. DNA cleavage can be assayed by gel electrophoresis. The ability of a protein to
interact with another protein can be determined, for example, by co-immunoprecipitation, two-hybrid assays or comple-
mentation, both genetic and biochemical.

[0060] As used herein, the term "promoter" refers to a recognition site of a polynucleotide (DNA or RNA) to which an
RNA polymerase binds. The term "enhancer" refers to a segment of DNA which contains sequences capable of providing
enhanced transcription and in some instances can function independent of their orientation relative to another control
sequence. An enhancer can function cooperatively or additively with promoters and/or other enhancer elements.
[0061] As used herein, the term "vector" refers to any genetic element, such as a plasmid, phage, transposon, cosmid,
chromosome, virus, virion, etc., which is capable of replication when associated with the proper control elements and
which can transfer gene sequences into cells. Thus, the term includes cloning and expression vehicles, as well as viral
vectors and plasmid vectors.

[0062] As used herein, the term "modulate” refers to altering positively or negatively. Exemplary modulations include
an about 1%, about 2%, about 5%, about 10%, about 25%, about 50%, about 75%, or about 100% change.

[0063] As used herein, the term "increase" refers to alter positively by at least about 5%, including, but not limited to,
alter positively by about 5%, by about 10%, by about 25%, by about 30%, by about 50%, by about 75%, or by about 100%.
[0064] As used herein, the term "reduce" refers to alter negatively by at least about 5% including, but not limited to,
alter negatively by about 5%, by about 10%, by about 25%, by about 30%, by about 50%, by about 75%, or by about 100%.
[0065] As used herein, the term "about" or "approximately" means within an acceptable error range for the particular
value as determined by one of ordinary skill in the art, which will depend in part on how the value is measured or
determined, i.e., the limitations of the measurement system. For example, "about" can mean within 3 or more than 3
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standard deviations, per the practice in the art. Alternatively, "about" can mean a range of up to 20%, preferably up to
10%, more preferably up to 5%, and more preferably still up to 1% of a given value. Alternatively, particularly with respect
to biological systems or processes, the term can mean within an order of magnitude, preferably within 5-fold, and more
preferably within 2-fold, of a value.

Il. Insulators

[0066] Several cases of vector-related malignant transformation have been reported in clinical settings, associated
with the activation of cellular oncogenes by vector-encoded enhancers (Baum et al. (2006), Nienhuis et al. (2006),
Ramezani et al. (2006)) and various vector modifications have been performed or proposed to reduce vector genotoxicity
(Baum et al. (2006), Nienhuis et al. (2006), Ramezani et al. (2006)). A class of DNA elements known as chromatin
insulators has been recognized as one approach to improve vector safety and performance (Emery (2011)).

[0067] Insulators are naturally occurring DNA elements that help from the functional boundaries between adjacent
chromatin domains. Insulators bind proteins that modify chromatin and alter regional gene expression. The placement
of insulators in the vectors described herein offer various potential benefits including, but not limited to, 1) shielding of
the vector from positional effect variegation of expression by flanking chromosomes (i.e., barrier activity, which may
decrease position effects and vector silencing); and 2) shielding flanking chromosomes from insertional trans-activation
of endogenous gene expression by the vector (enhancer blocking). There are two basic classes of chromatin insulators:
(a) barrier insulators that block the encroachment of silencing heterochromatin into adjoining regions of open chromatin
that are transcriptionally permissive, and (b) enhancer blocking insulators that prevent enhancer-mediated transcriptional
activation of adjoining regions. The sequences that mediate these activities are physically separable and mechanistically
distinct (Recillas-Targa et al. (2002)). Chromatin insulators do not exhibit inherent transcriptional enhancing or repressing
activities on their own. As such, they make ideal elements for reducing the interaction between gene transfer vectors
and the target cell genome. Insulators can help to preserve the independent function of genes or transcription units
embedded in a genome or genetic context in which their expression may otherwise be influenced by regulatory signals
within the genome or genetic context (see, e.g., Burgess-Beusse et al. (2002) Proc. Nat’l Acad. Sci. USA, 99: 16433;
and Zhan et al. (2001) Hum. Genet., 109: 471).

[0068] The problems created by insertional mutagenesis of viral vectors are widely known (Nienhuis (2013), Baum et
al. (2006), Nienhuis et al. (2006)) as is the evidence that the risks of genotoxicity can be reduced by the use of chromatin
insulators (Arumugam et al. (2007), Emery (2011), Evans-Galea et al. (2007), Rivella et al. (2000), Emery et al. (2000),
Emery et al. (2002), Yannaki et al. (2002), Hino et al. (2004), Ramezani et al. (2003), Ramezani et al. (2008)). The
presently disclosed subject matter provides novel insulators that are powerful enhancer blocking insulators, and certain
insulators additionally possess barrier insulator activity. In vertebrates, the function of enhancer blocking insulators is
mediated through the zinc-finger DNA-binding factor CTCF (Gaszner and Felsenfeld (2006), Wallace and Felsenfeld
(2007)). In general, these elements are thought to function through physical loop structures, which are established by
CTCF-mediated interactions between adjacent insulator elements or through CTCF-mediated tethering of the chromatin
fiber to structural elements within the nucleus. The first characterized vertebrate chromatin insulator is located within
the chicken B-globin locus control region. This element, which contains a DNase-I hypersensitive site-4 (cHS4), appears
to constitute the 5’ boundary of the chicken B-globin locus (Prioleau et al. (1999) EMBO J. 18: 4035-4048). A 1.2-kb
region containing the cHS4 element displays classic insulator activities, including the ability to block the interaction of
globin gene promoters and enhancers in cell lines (Chung et al. (1993) Cell, 74: 505-514), and the ability to protect
expression cassettes in Drosophila (/d.), transformed cell lines (Pikaart et al. (1998) Genes Dev. 12: 2852-2862), and
transgenic mammals (Wang et al. (1997) Nat. Biotechnol., 15: 239-243; Taboit-Dameron et al. (1999) Transgenic Res.,
8: 223-235) from position effects. Much of this activity is contained in a 250-bp region. Within this stretch is a 49-bp
cHS4 element (Chung et al. (1997) Proc. Natl. Acad. Sci., USA, 94: 575-580) that interacts with the zinc finger DNA
binding protein CTCF implicated in enhancer-blocking assays (Bell et al. (1999) Cell, 98: 387-396).

[0069] Insulators, such as cHS4, can block the interaction between enhancers and promoters when placed between
these elements (Evans-Galea et al. (2007), Chung et al. (1997), Bell et al. (1999), Ryu et al. (2007), Ryu et al. (2008)).
Several studies have demonstrated the ability of the cHS4 insulator to reduce position-effect silencing of gammaretroviral
vectors (Evans-Galea et al. (2007), Rivella et al. (2000), Emery et al. (2000), Emery et al. (2002), Yannaki et al. (2002),
Hino et al. (2004), Ramezani et al. (2006), Yao et al. (2003), Nishino et al. (2006), Aker et al. (2007), Li and Emery
(2008)), and lentiviral vectors (Bank et al. (2005), Arumugam et al. (2007), Puthenveetil et al. (2004), Evans-Galea et
al. (2007), Ramezani et al. (2003), Aker et al. (2007), Ma et al. (2003), Chang et al. (2005), Pluta et al. (2005)). Those
appropriately designed studies demonstrated that inclusion of the 1.2 kb version of the cHS4 insulator increased the
likelihood and/or consistency of vector transgene expression in at least some settings (Arumugam et al. (2007), Emery
(2011), Evans-Galea et al. (2007), Emery et al. (2002), Yannaki et al. (2002), Hino et al. (2004), Ramezani et al. (2006),
Aker et al. (2007), Li and Emery (2008), Pluta et al. (2005). Jakobsson et al. (2004)). Nevertheless, the degree of
protection afforded by the cHS4 insulator is far from complete. In addition, the inclusion of the 1.2 Kb cHS4 can adversely
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affect vector titers while the smallest cHS4 core has been proven ineffective (Aker et al. (2007), Jakobsson et al. (2004)).
By contrast, the insulators of the presently disclosed subject matter do not affect adversely the titers of viral vectors,
and are more powerful and effective than the cHS4 insulator.

[0070] The presently disclosed insulators are identified through genomic approaches, e.g., using genomic approaches
to identify insulators that are powerful enhancer blockers as well as barrier insulators of the human genome. The presently
disclosed insulators enhance the safety of gene therapy (e.g., stem cell gene therapy, globin gene therapy). For gene
therapy of the hemoglobinopathies, powerful enhancers are required to achieve therapeutic levels of globin gene ex-
pression. Powerful insulators therefore represent one means to protect the genomic environment from the powerful
enhancers of the integrating vectors.

[0071] The presently disclosed insulators possess powerful enhancer blocking activity. For example, and not by way
of limitation, an insulator of the present disclosure can reduce the activity of an enhancer element by at least about 10%,
at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 55%, at least about 60%,
at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98% or at least about 99%. In certain embodiments, the insulators possess barrier
activity in addition to enhancer blocking activity. The presently disclosed insulators substantially decrease the risks of
insertional mutagenesis and genotoxicity associated with viral vectors. Furthermore, when a presently disclosed insulator
is incorporated into a vector, the insulator does not adversely effect vector titers of the vector. In certain embodiments,
the insulators (e.g., insulator A1) increase the in vivo expression of the globin gene or functional portion thereof.
[0072] In certain embodiments, the insulator comprises a Transcriptional repressor CTCF binding site, which has the
nucleotide sequence set forth in SEQ ID NO: 18, which is provided below:

CACCAGGTGGCGCT [SEQ ID NO:18].

[0073] In one non-limiting embodiment, the insulator has the nucleotide sequence set forth in SEQ ID NO:1, which is
provided below, or a sequence which is at least about 95 percent homologous, or at least about 98 percent identical
(homologous), to SEQ ID NO:1.. This insulator having the nucleotide sequence set forth in SEQ ID NO:1 is designated
as insulator A1.

TCCTTCCTTTCTAAATGACGAGAGAGACAGAAGAATTCTTCAAGGTTAGTGTGTCCAGCATG
CAACCTTTCCTTCCTGGATGAGCATCCCTGGAGTAGGAGAGCCAGCCTGCCTCCTGCGCTGG
CACAGAGCCCGGTTCCCTAGACAACTGCCTCTCCAAATCTGATGTCCAGCGCCACCTGGTGT
CCACATCAAGCAGACACAATTAATAGTCAACCTGTTCAGGAAAACTGTGAGGGGGAAARAAAA
AGAAAGAGGATTTATGAAGGGAAAAGAAAGTTTAGAGGATATGCCACGATTGGCTAG [SEQ
ID NO:1]

[0074] In certain embodiments, the insulator comprises a nucleotide sequence as set forth in SEQ ID NO:24, , or a
sequence which is at least about 95 percent identical, or at least about 98 percent identical, to SEQ ID NO: 24.

CCAATC GTGGCATATC CTCTAAACTT TCTTTTCCCT TCATAAATCC TCTTTCTTTT

[0075]

TTTTCCCCCT
TTGATGTGGA
TCTAGGGAAC
TTCCAGGGAT
CCTTGAAGAA
247 .

In certain embodiments, the insulator comprises a nucleotide sequence as set forth in SEQ ID NO:25 (which
is the reverse complement of SEQ ID NO:1), or a sequence which is at least about 95 percent identical, or at least about

CACAGTTTTC
CACCAGGTGG
CGGGCTCTGT
GCTCATCCAG
TTCTTCTGTIC

98 percent identical, to SEQ ID NO: 25.

CTGAACAGGT
CGCTGGACAT
GCCAGCGCAG
GAAGGAAAGG
TCTCTCGTCA

16

TGACTATTAA
CAGATTTGGA
GAGGCAGGCT
TTGCATGCTG
TTTAGAAAGG

TTGTGTCTGC
GAGGCAGTTG
GGCTCTCCTA
GACACACTAA
AAGGA

[SEQ ID NO:



10

15

20

25

30

35

40

45

50

55

EP 3 620 521 A1

CTAGCCAATCGTGGCATATCCTCTAAACTTTCTTTTCCCTTCATAAATCCTCTTTCTTTTTT
TTCCCCCTCACAGTTTTCCTGAACAGGTTGACTATTAATTGTGTCTGCTTGATGTGGACACC
AGGTGGCGCTGGACATCAGATTTGGAGAGGCAGTTGTCTAGGGAACCGGGCTCTGTGCCAGC
GCAGGAGGCAGGCTGGCTCTCCTACTCCAGGGATGCTCATCCAGGAAGGAAAGGTTGCATGC
TGGACACACTAACCTTGAAGAATTCTTCTGTCTCTCTCGTCATTTAGAAAGGAAGGA [SEQ
ID NO:25]

[0076] In certain embodiments, the insulator comprises a nucleotide sequence as set forth in hg18 coordinates
76229933 to 76230115 of chromosome 1.

[0077] In certain embodiments, the insulator comprises a nucleotide sequence between residues 68041 and 68160,
or between residues and 68041 and 68210, or between residues 68041 and 68280, or between residues 68005 and
68305, of Homo sapiens chromosome 1 clone RP11-550H2, GenBank Accession No. AC092813.2, or a sequence at
least 95 or 98 percent identical thereto.

Illl. Expression Cassettes

[0078] The presently disclosed subject matter provides expression cassettes comprising one or more the above-
disclosed insulators (e.g., insulator A1). In certain embodiments, an expression cassette comprises at least one insulator
having the nucleotide sequence set forth in SEQ ID NO:1, and a globin gene or a functional portion thereof operably

linked to a B-globin LCR region.

p-globin LCR region

[0079] The human B-globin gene cluster consists of five genes embedded within one of many olfactory receptor gene
arrays (Bulger et al., PNAS (1999);96:5129-5134). The cluster spans over 80kb on chromosome 11p15.4, and includes
the five expressed B-like genes and cis-acting regulatory elements that direct their stage-specific expression during
ontogeny (Forget (2001), Molecular Mechanism of Beta Thalassemia. Steinberg MH et al., Eds. Disorders of Hemoglobin.
Genetics, Pathophysiology and Clinical Management, Cambridge University Press, Cambridge). The genes are arranged
in the order of their developmental expression (Stamatoyannopoulos et al., (2001) Hemoglobin Switching. In: Stama-
toyannopoulos G, et al., Eds. Molecular Basis of Blood Disorders, W.B. Saunders, Philadelphia, PA), 5'-g-Gy-Ay-yn-5-
B-3’. The a-like globin gene cluster (5°-£2-y& 1-yo2-ya1-02-a1-6-3’) is located very close to the telomere of the short
arm of chromosome 16 and spans about 40kb. The expression of genes encoded within these two independent clusters
is limited to erythroid cells and balanced so that the output of the B-globin-like chains matches that of the a-chains. This
fine tuned balance is regulated at the transcriptional, posttranscriptional and posttranslational levels.

[0080] Developmental stage-specific expression is controlled by a number of proximal or distal cis-acting elements
and the transcriptional factors that bind to them. In the case of the -globin gene (HBB), the proximal regulatory elements
comprise the B-globin promoter and two downstream enhancers, one located in the second intron of -globin and the
other approximately 800bp downstream of the gene (Antoniou et al., EMBO J. (1988);7:377-384; Trudel et al., Genes
Dev. (1987);1:954-961; Trudel et al., Mol. Cell. Biol. (1987);7:4024-4029). The most prominent distal regulatory element
is the B-globin LCR, located 50-60kb upstream of the HBB and composed of several sub-regions with heightened
sensitivity to DNasel in erythroid cells (Forget (2001); Grosveld et al., Cell (1987);51:975-985; Talbot et al., Nature
(1989);338:352). The most prominent property of the LCR is its strong, transcription-enhancing activity. An exemplary
nucleotide sequence of the human B-globin region on chromosome 11 is set forth in SEQ ID NO:19 (GenBank Access
No.: NG_000007.3), which is provided below:
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ggatcctcacatgagttcagtatataattgtaacagaataaaaaatcaattatgtattcaagttgctagtgtctta
agaggttcacatttttatctaactgattatcacaaaaatacttcgagttacttttcattataattcctgactacac
atgaagagactgacacgtaggtgccttacttaggtaggttaagtaatttatccaaaaccacacaatgtagaaccta
agctgattcggccatagaaacacaatatgtggtataaatgagacagagggatttctctecttectatgectgtcaga
tgaatactgagatagaatatttagttcatctatcacacattaaacgggactttacatttctgtetgttgaagattt
gggtgtggggataactcaaggtatcatatccaagggatggatgaaggcaggtgactctaacagaaagggaaaggat
gttggcaaggctatgttcatgaaagtatatgtaaaatccacattaagcttcectttcectgcatgcattggcaatgttta
tgaataatgtgtatgtaaaagtgtgctgtatattcaaaagtgtttcatgtgecctaggggtgtcaaatactttgagt
ttgtaagtatatacttctctgtaatgtgtctgaatatctctatttacttgattctcaataagtaggtatcatagtyg
aacatctgacaaatgtttgaggaacaatttagtgtttacctattcaccaaaatttattaaatgcctaatctgtatce
agatatacaattatctggcgaaatctgtaattcctaatttaaacagectgtgtagectaattagggataaaggecatyg
caaacccataatttgtgtaggttgaaatgagctatagaaaaatgcagtatatttatcagaagtctttagggtcatyg
aaaaggaatggtcaactgacactgccagggactcatatgtaagagataactaatgtgaagtgactttaaaggagaa
attagcagaagttttctttccatgtctcectcatcatgttacaataacggaagagattaaaacaacaaatacattta
gacagcaatgtttatcctggttagatgttttaatctaaatctatcttggagtgttaaaatgcatttgectcacctac
tttaaaatataaatgaaggtaggaacctgtagatacaaaaagttggagaaaaaaagacaataaagatgacaaaaat
ctattaatccttgatagaaaatgagaagagataaaacactggtttacataaagaaaataagatggatagatagcag
atccttataaaagtgataatttgagaaaaaaaatactccatattctgagtttcttcacataaaataatacaaatct
gctgtggtaagttacaaagagatagattttttatcattatataaaagatattttaaacagagttatacaacaaagg
aacagactatgtcatatattctcacttatcactataaacatctcagaaaaatctgcaaaatcatttcatagecattt
taaatagttaggaataatgtagaaaactgaaacagttctaagtttcccacaaacttagagtctcaaatgttgcatt
acctaacttacctgcaaatattttatacaaatttgcacatgctactctagtcaaaaatatatgtacattatgggta
ttttctgtgtgtaacttggttctagttgcttctttcagaaatagectctatttttgatttacctgataaaatcaca
ttcctcectceccaaagecttctaaatacttccagactaactactttttagtacatctaagaagaaaagagttttgtcete
ttatccacctctgagtcaaaaagcagcatgtccatcaattggtacatagttcccacagecccacttagetectggat
tggagttctacttggcattgtttgcaactacatggacgtaaaatgcatggattcetettgaaaaaatgtttetgeca
tgatgttctctgaaagagactaaccttcectcecgectttgcagagaaagactcecgtgtaateccttgacaatgtcatcetce
atctatttattcccatgtctacccatatgtgaccttcatgtectttgectctaagececctacatectcaatctacaca
ctaggatagtataaaagtaatagtaataatagtagtaatagtaataacaatacaatgattatggcttatactatac
acaagacactgttgatatattatttcatttagtattcacagtaactctgtgectcaagtactattgtaataccctt
taagaggaggaaactgaggcacagggccctaaagtaatattccaagatgaagtggctactaactgacagagggcat
aattcaactcatgatatttggctctagaatacatgctctgaatcattatacaataataattcatgaggaaacattt
tttaaagcctaagttatttgctctgaaataagacataatttggggtgagaaagcttagattccatgaagtattaca
gcatttggtagtctttttgcactccaggtcttatttttactgecttaaacataataaaacatatggttcagtatgece
tttgattttacaataatattcctgttatttttggaagcacagggtgtgggataatgctaattactagtgattagta
ttgagaggtgacagcgtgctggcagtcecctcacagececctegetegetettggegectectetgectgggeteccaca
ttggtggcacttgaggagcccttcagecggecgectgcactgtgggageccttttectgggetggeccaaggecagage
cggctccecctecagettgecaggaggtgtggagggacagacgecgggcaggaaccgggectgtgegecgtgettgaggga
gttccgggtgggcatgggctccgaggaccccgecactcggageccgeccagecggeccccaccggecgegggecagtgagg
ggcttagcacctgggccagcagetgetgtgetcaattectegecgggecttagetgecttectgeggggecaggget
cgggacctgcagcgegeccatgectgagectecccaccttcatgggetectgtgeggeccgagectecgecgacgage
gccgeccectgcectceccagggecacccagteccatcgaccacccaagggctgaagagtgecgggegcacggcaggggact
ggcaggcagctceccceccecctgecageccaggtgegggatccactgggtgaagecggetaggetectgagtttgetgggga
tgcgaagaacccttatgtctagataagggattgtaaatacaccaattggcactctgtatctagectcaaggtttgta
aacacaccaatcagcaccctgtgtctagectcagggtttgtgaatgcaccaatcaacactctatctagetactetgg
tggggccttggagaacctttatgtctagectcagggattgtaaatacaccaatcggcagtectgtatctagetcaagg
tttgtaaacacaccaatcagcaccctgtgtctagctcagggtttgtgaatgcaccaatcaacactctgtatctage
tactctggtggggacgtggagaacctttatgtctagctcagggattgtaaatacaccactcggcagtectgtatcta
gctcaaggtttgtaaacacaccaatcagcaccctgtgtctagectcagggtttgtgaatgcaccaatcaacactctyg
tatctagctactctggtggggacttggagaacctttgtgtggacactctgtatctagectaatctggtggggacgtyg
gagaacctttgtgtctagctcatggattgtaaatgcaccaatcagtgeccctgtcaaaacagaccactgggcectetac
caatcagcaggatgtgggtggggccagataagagaataaaagcaggctgcccgageccagecagtggcaaccecgeteg
ggtccccttceccacactgtggaagetttgttetttcegetetttgcaataaatecttgectgectgectcactgtttgggte
tacactgcctttatgagectgtaacgctcaccgecgaaggtctgcagettcactecttgaagecagecgagaccacgaac
ccaccgggaggaacgaacaactccagaggcgceccgcecttaagagetggaacgttcactgtgaaggtctgcagettea
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ctcctgagecagecgagaccacgaacccatcagaaggaagaaactccgaacacatccaaacatcagaacgaacaaac
tccacacacgcagcectttaagaactgtaacactcaccacgagggtcecceggettcattettgaagtcagtgaaace
aagaacccaccaattccggacacagtatgtcagaaacaatatgagtcactaaatcaatatacttctcaacaattte
caacagcccttgcaattaacttggeccatgtgactggttgtgactaaaataatgtggagataataatgtgttactce
ctaaggcagagtgcccttctatcattectettteccttectetatgtggcagaaagtaaaagattctgaaatgataa
agtcaatcacaggaaggcacctggactcctggcccactgcttggaggagagcactcaggaccatgaacatctgact
gtgacgtagcaataaagaaacccacgtttcatatgaaactgcttaaaattaatggcacaagtcatgtttttgatgt
tgcacatttgtctttatttgtggcttgttttgcttccacatcaatccactcaaggcecctacattctgectataatgea
atttcaagttctttacaggccgagaaaaatgaatctgaattecctgacctccaaaagtgatcaagatatttttagtt
caggctccaaaattttctcattttcataggttttcctcgattgatcattattcatgatttgcaaggaatcattcaa
tgttttctaaatctattactgcatcctgacacatatgacattttaactatgttccagatttttgaatgaagagtgt
aaattttaaatgttttcaccacaaaaaataagtatgtgaagtggtggatttgttaattagecttatttaaccattt
aatattgtacacgtacaccaaagcatcatgttgtaccccatgaatacacacaattattatttgtcaatttaaaatyg
aaataataaaaaataacaaaggcattagcecctctgcattgectttaccggtcatectcacggtgactaacgcaaaaa
acgttctatttcatccttacaaacatccectatetttgatgectetttgtectagatectetatecectectgttttet
ctacgttatttatatgggtatcatcaccatcctggacaacatcaggacagatatccectcaccaageccaatgtteect
ctctatgttggctcaaatgtecttgaactttectttecaccacectttecacagtcaaaaggatattgtagtttaat
gcctcagagttcagettttaagettcectgacaaattattettectetttaggttctectttatggaatettetgtac
tgatggccatgtcecctttaactactatgtagatatctgetactacctgtattatgectetaccectttattagecagagt
tatctgtactgttggcatgacaatcatttgttaatatgacttgectttectttttctgetattecttgatcaaatgg
ctcctetttettgetectetecatttectectgecttcacttggacgtgettcacgtagtetgtgettatgactggat
taaaaattgatatggacttatcctaatgttgttcgtcataatatgggttttatggtccattattatttectatgea
ttgatctggagaaggcttcaatccttttactctttgtggaaaatatctgtaaaccttetggttcactetgetatag
caatttcagtttaggctagtaagcatgaggatgcctecttetectgatttttecccacagtetgttggtcacagaata
acctgagtgattactgatgaaagagtgagaatgttattgatagtcacaatgacaaaaaacaaacaactacagtcaa
aatgtttctctttttattagtggattatatttcctgacctatatctggcaggactctttagagaggtagctgaage
tgctgttatgaccactagagggaagaagatacctgtggagctaatggtceccaagatggtggagecccaagcaaggaa
gttgttaaggagcceccttttgattgaaggtgggtgeccccaccttacagggacaggacatctggatactectececayg
tttctccagtttcecctttttcctaatatatctectgataaaatgtctatactcacttcecccatttctaataataaa
gcaaaggctagttagtaagacatcaccttgcattttgaaaatgccatagactttcaaaattatttcatacatcggt
ctttctttatttcaagagtccagaaatggcaacattacctttgattcaatgtaatggaaagagctctttcaagaga
cagagaaaagaataatttaatttctttccccacacctecttecectgtetettaccectatettecttecttectacee
tccccatttetectectectecatttctcagaagtatattttgaaaggattcatagcagacagectaaggectggtttttte
taagtgaagaagtgatattgagaaggtagggttgcatgageccctttcagttttttagtttatatacatctgtattg
ttagaatgttttataatataaataaaattatttctcagttatatactagectatgtaacctgtggatatttceccttaa
gtattacaagctatacttaactcacttggaaaactcaaataaatacctgettcatagttattaataaggattaagt
gagataatgcccataagattcctattaataacagataaatacatacacacacacacacattgaaaggattettact
ttgtgctaggaactataataagttcattgatgcattatatcattaagttctaatttcaacactagaaggcaggtat
tatctaaatttcatactggatacctccaaactcataaagataattaaattgecttttgtcatatatttattcaaaa
gggtaaactcaaactatggcttgtctaattttatatatcaccctactgaacatgacecctattgtgatattttataa
aattattctcaagttattatgaggatgttgaaagacagagaggatggggtgctatgecccaaatcagectcacaat
taagctaagcagctaagagtcttgcagggtagtgtagggaccacagggttaagggggcagtagaattatactcececea
ctttagtttcatttcaaacaatccatacacacacagcecctgagcacttacaaattatactacgectctatacttttt
gtttaaatgtataaataagtggatgaaagaatagatagatagatagacagatagatgatagatagaataaatgctt
gccttcatagctgtctceccectaccttgttcaaaatgttecctgtccagaccaaagtaccttgecttcacttaagtaat
caattcctaggttatattctgatgtcaaaggaagtcaaaagatgtgaaaaacaatttctgacccacaactcatget
ttgtagatgactagatcaaaaaatttcagccatatcttaacagtgagtgaacaggaaatctecctettttecctaca
tctgagatcccagcttctaagaccttcaattctcactcttgatgcaacagaccttggaagcatacaggagagctga
acttggtcaacaaaggagaaaagtttgttggcctccaaaggcacagctcaaacttttcaagecttctctaatetta
aaggtaaacaagggtctcatttctttgagaacttcagggaaaatagacaaggacttgectggtgettttggtaggg
gagcttgcactttcccectttctggaggaaatatttatccccaggtagttecctttttgcaccagtggttetttga
agagacttccacctgggaacagttaaacagcaactacagggcecttgaactgcacactttcagteccggtectcacag
ttgaaaagacctaagcttgtgectgatttaagectttttggtcataaaacattgaattctaatctcectetcaace
ctacagtcacccatttggtatattaaagatgtgttgtctactgtctagtatceectcaagtagtgtcaggaattagt
catttaaatagtctgcaageccaggagtggtggctcatgtetgtaattecagecacttgagaggtagaagtgggagga
ctgcttgagctcaagagtttgatattatcctggacaacatagecaagacctegtetcectacttaaaaaaaaaaaaaaa
attagccaggcatgtgatgtacacctgtagtcccagetactcaggaggecgaaatgggaggateccttgagetecag
gaggtcaaggctgcagtgagacatgatcttgccactgecacteccagectggacagecagagtgaaaccttgectecacyg
aaacagaatacaaaaacaaacaaacaaaaaactgctccgcaatgcecgettecttgatgetcectaccacataggtetgg
gtactttgtacacattatctcattgctgttcataattgttagattaattttgtaatattgatattattcectagaaa
gctgaggcctcaagatgataacttttattttctggacttgtaatagetttectecttgtattcaccatgttgtaactt
tcttagagtagtaacaatataaagttattgtgagtttttgcaaacacagcaaacacaacgacccatatagacattg
atgtgaaattgtctattgtcaatttatgggaaaacaagtatgtactttttctactaagccattgaaacaggaataa
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cagaacaagattgaaagaatacattttccgaaattacttgagtattatacaaagacaagcacgtggacctgggagy
agggttattgtccatgactggtgtgtggagacaaatgcaggtttataatagatgggatggcatctagegcaatgac
tttgccatcacttttagagagectcttggggacceccagtacacaagaggggacgcagggtatatgtagacatctceat
tctttttecttagtgtgagaataagaatageccatgacctgagtttatagacaatgagecetttteteteteccacte
agcagctatgagatggcttgccctgectctctactaggectgactcacteccaaggeccagecaatgggecagggetetyg
tcagggctttgatagcactatctgcagageccagggeccgagaaggggtggactccagagactcteccteccattece
gagcagggtttgcttatttatgcatttaaatgatatatttattttaaaagaaataacaggagactgcccageectg
gctgtgacatggaaactatgtagaatattttgggttccatttttttttecttectttcagttagaggaaaagggget
cactgcacatacactagacagaaagtcaggagctttgaatccaagcctgatcatttccatgtcatactgagaaagt
ccccacccttectctgagectcagtttectetttttataagtaggagtctggagtaaatgatttccaatggetcteat
ttcaatacaaaatttccgtttattaaatgcatgagettctgttactccaagactgagaaggaaattgaacctgaga
ctcattgactggcaagatgtccccagaggctctcattcagcaataaaattctcaccttcacccaggeccactgagt
gtcagatttgcatgcactagttcacgtgtgtaaaaaggaggatgcttcectttectttgtattctcacatacctttag
gaaagaacttagcacccttcccacacagecatcccaataactcatttcagtgactcaacccttgactttataaaag
tcttgggcagtatagagcagagattaagagtacagatgectggagccagaccacctgagtgattagtgactcagttt
ctcttagtagttgtatgactcagtttcttcatectgtaaaatggagggttttttaattagtttgtttttgagaaagg
gtctcactctgtecacccaaatgggagtgtagtggcaaaatceteggetcactgecaacttgecactteccaggetecaag
cggtccteccacctcaacatectgagtagetggaaccacaggtacacaccaccatacctegetaattttttgtatt
tttggtagagatggggtttcacatgttacacaggatggtctcagacteccggagetcaagecaatctgeccaccteag
ccttccaaagtgectgggattataagecatgattacaggagttttaacaggectcataagattgttetgecageccgagt
gagttaatacatgcaaagagtttaaagcagtgacttataaatgctaactactctagaaatgtttgctagtattttt
tgtttaactgcaatcattcecttgctgcaggtgaaaactagtgttctgtactttatgecccattcatectttaactgtaa
taataaaaataactgacatttattgaaggctatcagagactgtaattagtgctttgcataattaatcatatttaat
actcttggattctttcaggtagatactattattatccccattttactacagttaaaaaaactacctectcaacttge
tcaagcatacactctcacacacacaaacataaactactagcaaatagtagaattgagatttggtcctaattatgte
tttgctcactatccaataaatatttattgacatgtacttcttggcagtctgtatgctggatgctggggatacaaag
atgtttaaatttaagctccagtctctgcttccaaaggeccteccaggeccaagttateccattcagaaagecatttttta
ctctttgcattccactgtttttcctaagtgactaaaaaattacactttattcgtctgtgtectgetctgggatgat
agtctgactttcctaacctgagecctaacatccctgacatcaggaaagactacaccatgtggagaaggggtggtggt
tttgattgctgctgtcttcagttagatggttaactttgtgaagttgaaaactgtggctetcectggttgactgttaga
gttctggcacttgtcactatgcctattatttaacaaatgcatgaatgcttcagaatatgggaatattatcttectgg
aatagggaatcaagttatattatgtaacccaggattagaagattcttctgtgtgtaagaatttcataaacattaag
ctgtctagcaaaagcaagggcttggaaaatctgtgagectcctcaccatatagaaagecttttaacccatcattgaat
aaatccctataggggatttctaccctgagcaaaaggcectggtettgattaattcccaaactcatatagetectgagaa
agtctatgctgttaacgttttettgtctgectacceccatcatatgecacaacaataaatgecaggectaggecatgactg
aaggctctctcataattettggttgcatgaatcagattatcaacagaaatgttgagacaaactatggggaagecagg
gtatgaaagagctctgaatgaaatggaaaccgcaatgcettectgeccattcagggecteccagecatgtagaaatetgg
ggctttgtgaagactggcettaaaatcagaagececccattggataagagtagggaagaacctagagectacgetgage
aggtttecttcatgtgacagggagectectgecececgaactteccagggatectetettaagtgtttecctgetggaat
ctcctecacttctatectggaaatggtttcteccacagtecagecectggetagttgaaagagttacccatgecagagge
cctcecctageatccagagactagtgettagattectactttecagegttggacaacctggatccacttgeccagtgtt
cttcecttagttecctaccttegaccttgatectectttatettectgaaccctgetgagatgatectatgtggggaga
atggcttctttgagaaacatcttcttegttagtggectgecectcatteccactttaatateccagaatcactataa
gaagaatataataagaggaataactcttattataggtaagggaaaattaagaggcatacgtgatgggatgagtaag
agaggagagggaaggattaatggacgataaaatctactactatttgttgagaccttttatagtctaatcaattttg
ctattgttttccatcctcacgctaactccataaaaaaacactattattatctttattttgeccatgacaagactgag
ctcagaagagtcaagcatttgcctaaggtcggacatgtcagaggcagtgccagacctatgtgagactctgcagceta
ctgctcatgggccctgtgctgcactgatgaggaggatcagatggatggggcaatgaagcaaaggaatcattctgtyg
gataaaggagacagccatgaagaagtctatgactgtaaatttgggagcaggagtctctaaggacttggatttcaag
gaattttgactcagcaaacacaagaccctcacggtgactttgcgagctggtgtgecagatgtgtctatcagaggtt
ccagggagggtggggtggggtcagggctggccaccagetatcagggeccagatgggttataggetggcaggetcag
ataggtggttaggtcaggttggtggtgctgggtggagtccatgactcccaggageccaggagagatagaccatgagt
agagggcagacatgggaaaggtgggggaggcacagcatagcagecatttttcattcectactactacatgggactgete
ccctatacccccagetaggggecaagtgecttgactectatgttttcaggatcatcatectataaagtaagagtaata
attgtgtctatctcatagggttattatgaggatcaaaggagatgcacactcectectggaccagtggectaacagttca
ggacagagctatgggcttectatgtatgggtcagtggtctcaatgtagecaggcaagttccagaagatagecatcaac
cactgttagagatatactgceccagtctcagagectgatgttaatttagecaatgggetgggaccctecteccagtagaa
ccttctaaccagectgcectgcagtcaaagtcgaatgecagetggttagactttttttaatgaaagettagetttcatta
aagattaagctcecctaagcagggcacagatgaaattgtctaacagcaactttgeccatctaaaaaaatctgacttcac
tggaaacatggaagcecccaaggttctgaacatgagaaatttttaggaatctgecacaggagttgagagggaaacaaga
tggtgaagggactagaaaccacatgagagacacgaggaaatagtgtagatttaggctggaggtaaatgaaagagaa
gtgggaattaatacttactgaaatctttctatatgtcaggtgeccattttatgatatttaataatctcattacatat
ggtaattctgtgagatatgtattattgaacatactataattaatactaatgataagtaacacctcttgagtactta
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gtatatgctagaatcaaatttaagtttatcatatgaggccgggcacggtggectcatatatgggattacatgectgt
aatcccagcactttgggaggccaaggcaattggatcacctgaggtcaggagttecagaccagectggeccaacatgg
tgaaaccccttctctactaaaaaatacaaaaaatcagecaggtgtggtggcacgegtectataatcccagetactcea
ggaggctgaggcaggagaatcacttgaacccaggaggtggaggttgcagtgagetaagattgecaccactgecactece
agcctaggcgacagagtgagactccatctcaaaaaaaaaaaaagaagtttattatatgaattaacttagttttact
cacaccaatactcagaagtagattattacctcatttattgatgaggagcccaatgtacttgtagtgtagatcaact
tattgaaagcacaagctaataagtagacaattagtaattagaagtcagatggtctgagctctcctactgtctacat
tacatgagctcttattaactggggactcgaaaatcaaagacatgaaataatttgtccaagcecttacagaaccaccaa
gtagtaaggctaggatgtagacccagttctgctacctctgaagacagtgttttttccacagcaaaacacaaactca
gatattgtggatgcgagaaattagaagtagatattcctgeccctgtggececcttgecttcttacttttacttettgteg
attggaagttgtggtccaagccacagttgcagaccatacttcctcaaccataattgecatttcttcaggaaagtttyg
agggagaaaaaggtaaagaaaaatttagaaacaacttcagaataaagagattttctcttgggttacagagattgte
atatgacaaattataagcagacacttgagaaaactgaaggcccatgcectgeccaaattaccectttgacceettggt
caagctgcaactttggttaaagggagtgtttatgtgttatagtgttcatttactcttetggtctaacccattgget
ccgtettecatectgecagtgacctcagtgectcagaaacatacatatgtttgtctagtttaagtttgtgtgaaatte
taactagegtcaagaactgagggccctaaactatgectaggaatagtgetgtggtgetgtgataggtacacaagaaa
tgagaagaaactgcagattctctgecatcteccecctttgeecgggtectgacaacaaagtttecccaaattttaccaatge
aagccatttcteccatatgetaactactttaaaatcatttggggettcacattgtetttctecatectgtaaaaagaat
ggaagaactcattcctacagaactcectatgtettecctgatgggectagagttectetttetcagaaattagecat
tattgtatttccttctaagecaaagectcagaggtettgtattgeccagtgacatgcacactggtcaaaagtagget
aagtagaagggtactttcacaggaacagagagcaaaagaggtgggtgaatgagagggtaagtgagaaaagacaaat
gagaagttacaacatgatggcttgttgtctaaatatctectagggaattattgtgagaggtectgaatagtgttgta
aaataagctgaatctgctgccaacattaacagtcaagaaataccteccgaataactgtacctcecaattattetttaa
ggtagcatgcaactgtaatagttgcatgtatatatttatcataatactgtaacagaaaacacttactgaatatata
ctgtgtccctagttctttacacaataaactaatctcatcecctcataattctattagctaatacatattatcatccta
tatttcagagacttcaagaagttaagcaacttgctcaagatcatctaagaagtaggtggtatttctgggctcattt
ggcccctectaatctcectecatggcaacatggectgectaaagtgttgattgecttaattecatcagggatgggetecata
ctcactgcagaccttaactggcatcctettttcttatgtgatectgectgaccectagtagacttatgaaatttctga
tgagaaaggagagaggagaaaggcagagctgactgtgatgagtgatgaaggtgecttctcatctgggtaccagtgg
ggcctctaagactaagtcactctgtctcactgtgtcttageccagttecttacagettgecctgatgggagatagag
aatgggtatcctccaacaaaaaaataaattttcatttctcaaggtccaacttatgttttcttaatttttaaaaaaa
tcttgaccattcteccactctctaaaataatccacagtgagagaaacattetttteccccateccataaatacctet
attaaatatggaaaatctgggcatggtgtctcacacctgtaatcccagcactttgggaggctgaggtgggtggact
gcttggagetcaggagttcaagaccatcecttggacaacatggtgataccctgectctacaaaaagtacaaaaattag
cctggcatggtggtgtgcacctgtaatecccagetattagggtggectgaggecaggagaattgettgaaccegggagyg
cggaggttgcagtgagetgagatcgtgeccactgecacteccagectgggggacagagcacattataattaactgttat
tttttacttggactcttgtggggaataagatacatgttttattcttatttatgattcaagecactgaaaatagtgtt
tagcatccagcaggtgcttcaaaaccatttgectgaatgattactatactttttacaagetcagetcectcetateece
ttccagcatcctcatctectgattaaataagettcagtttttecttagttectgttacatttetgtgtgtetecatt
agtgacctcccatagtccaagecatgagecagttectggecaggeccctgteggggtcagtgecccacceccgecttet
ggttctgtgtaaccttctaagcaaaccttectggetcaagecacagcaatgetgagtcatgatgagtcatgetgagge
ttagggtgtgtgcccagatgttctcagectagagtgatgactectatetgggtecccagecaggatgettacaggge
agatggcaaaaaaaaggagaagctgaccacctgactaaaactccacctcaaacggcatcataaagaaaatggatge
ctgagacagaatgtgacatattctagaatatattatttcctgaatatatatatatatatacacatatacgtatata
tatatatatatatatatttgttgttatcaattgccatagaatgattagttattgtgaatcaaatatttatcttgea
ggtggcctctatacctagaagcggcagaatcaggctttattaatacatgtgtatagatttttaggatctatacaca
tgtattaatatgaaacaaggatatggaagaggaaggcatgaaaacaggaaaagaaaacaaaccttgtttgccattt
taaggcacccctggacagctaggtggcaaaaggcctgtgectgttagaggacacatgctcacatacggggtcagatc
tgacttggggtgctactgggaagctctcatcttaaggatacatctcaggccagtcttggtgecattaggaagatgta
ggcaactctgatcctgagaggaaagaaacattcctccaggagagctaaaagggttcacctgtgtgggtaactgtga
aggactacaagaggatgaaaaacaatgacagacagacataatgcttgtgggagaaaaaacaggaggtcaaggggat
agagaaggcttccagaagaatggctttgaagctggecttctgtaggagttcacagtggcaaagatgtttcagaaatyg
tgacatgacttaaggaactatacaaaaaggaacaaatttaaggagaggcagataaattagttcaacagacatgcaa
ggaattttcagatgaatgttatgtctccactgagettcettgaggttagecagetgtgagggttttgecaggeccagga
cccattacaggacctcacgtatacttgacactgttttttgtattcatttgtgaatgaatgacctettgtcagtecta
ctcggtttegctgtgaatgaatgatgtcecttgtcagectacttggtttegetaagagcacagagagaagatttagtyg
atgctatgtaaaaacttectttttggttcaagtgtatgtttgtgatagaaatgaagacaggctacatgatgecatat
ctaacataaacacaaacattaagaaaggaaatcaacctgaagagtatttatacagataacaaaatacagagagtga
gttaaatgtgtaataactgtggcacaggctggaatatgagceccatttaaatcacaaattaattagaaaaaaaacagt
ggggaaaaaattccatggatgggtctagaaagactagcattgttttaggttgagtggcagtgtttaaagggtgata
tcagactaaacttgaaatatgtggctaaataactagaatactctttattttttegtatcatgaatagcagatatag
cttgatggccccatgcettggtttaacatecttgetgttectgacatgaaatecttaatttttgacaaaggggetat
tcattttcattttatattgggecctagaaattatgtagatggtcecctgaggaaaagtttatagettgtctatttcectet
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ctctaacatagttgtcagcacaatgectaggctataggaagtactcaaagettgttaaattgaattctatecttet
tattcaattctacacatggaggaaaaactcatcagggatggaggcacgectctaaggaaggcaggtgtggetectge
agtgtgattgggtacttgcaggacgaagggtggggtgggagtggctaaccttcecattectagtgcagaggtcacag
cctaaacatcaaattcecttgaggtgeggtggectcactectgtaatcacagecagtttgggacgecaaggtgggecaga
tcacttgaggtcaggagttggacaccagecccageccaacatagtgaaacctggtectectgettaaaaatataaaaatt
agctggacgtggtgacgggagcctgtaatccaactacttgggaggctgaggcaggagaatecgettgaaccggggag
gtggagtttgcactgagcagagatcatgccattgcactccagectccagagegagactectgtctaaagaaaaacga
aaacaaacaaacaaacaaacaaacaaaacccatcaaattccctgaccgaacagaattcectgtcectgattgttctectga
cttatctaccattttccctecttaaagaaactgtgaacttccttcagetagaggggectggetcagaagectetygyg
tcagcatccaagaaatacttgatgtcactttggctaaaggtatgatgtgtagacaagctccagagatggtttctca
tttccatatccacccacccagcectttccaattttaaageccaattctgaggtagagactgtgatgaacaaacaccttg
acaaaattcaacccaaagactcactttgectagecttcaaaatceccttactectgacatatactcacageccagaaatta
gcatgcactagagtgtgcatgagtgcaacacacacacacaccaattccatattctctgtcagaaaatcctgttggt
ttttcgtgaaaggatgttttcagaggctgaccecttgecttcacctecaatgctaccactetggtctaagtecactyg
tcaccaccacctaaattatagctgttgactcataacaatcttectgettcectaccactgecccactacaatttette
ccaatatactatccaaattagtcttttcaaaatgtaagtcatatatggtcacctetttgttcaaagtettectgata
gtttcctatatcatttataataaaaccaaatccttacaattetctacaatagttgttecatgecatatattatgttta
ttacagatacatatatatagctctcatataaataaatatatatatttatgtgtatgtgtgtagagtgttttttett
acaactctatgatgtaggtattattagtgtcccaaattttataatttaggacttctatgatctecatettttattet
ccccttcaccgaatcectecatectacattggecttattgatattecttgaaaattetaagecatettacatetttaggg
tatttacatttgccattcecctatgecectaaatatttaatcatagtttcatataaatgggttcectcatcatectatgg
gtactctctcaggtgttaactttatagtgaggactttcectgecatactacttaaagtagegataccetttcaceet
gtcctaatcacactctggecttcatttcagttttttttttttctccatagecacctaatctcattggtatataacat
gtttcatttgcttatttaatgtcaagctctttccactatcaagtccatgaaaacaggaactttattectcectattet
gtttttgtgctgtattcttagcaattttacaattttgaatgaatgaatgagcagtcaaacacatatacaactataa
ttaaaaggatgtatgctgacacatccactgctatgcacacacaaagaaatcagtggagtagagctggaagtgctaa
gcctgcatagagetagttagecctecgcaggcagagecttgatgggattactgagttetagaattggactcatttyg
ttttgtaggctgagatttgctcttgaaaacttgttctgaccaaaataaaaggctcaaaagatgaatatcgaaacca
gggtgttttttacactggaatttataactagagcactcatgtttatgtaagcaattaattgtttcatcagtcaggt
aaaagtaaagaaaaactgtgccaaggcaggtagcctaatgcaatatgccactaaagtaaacattatttcataggtyg
tcagatatggcttattcatccatcttcatgggaaggatggccttggectggacatcagtgttatgtgaggttcaaa
acacctctaggctataaggcaacagagcectecttttttttttttcectgtgetttectggectgtecaaatctctaatga
taagcatacttctattcaatgagaatattctgtaagattatagttaagaattgtgggagccattccgtctcecttata
gttaaatttgagcttcttttatgatcactgtttttttaatatgetttaagttctggggtacatgtgeccatggtggt
ttgctgcacccatcaaccegtecatctacattaggtatttetectaatgetateccttececcctagecceeccaceccceccea
acaggccccagtgtgtgatgttccectececctgtgtccatggatcactggtttttttttgtttttttttttttttta
aagtctcagttaaatttttggaatgtaatttattttectggtatcecctaggacttgecaagttatctggtcactttag
ccctcacgttttgatgataatcacatatttgtaaacacaacacacacacacacacacacacacatatatatatata
taaaacatatatatacataaacacacataacatatttatcgggcatttctgagcaactaatcatgcaggactctea
aacactaacctatagccttttctatgtatctacttgtgtagaaaccaagegtggggactgagaaggcaatageagg
agcattctgactectcactgectttagectaggeccectecctecatcacagetcagcatagtectgagetettatetat
atccacacacagtttctgacgectgcccagectatcaccatceccaagtctaaagaaaaaaataatgggtttgececate
tctgttgattagaaaacaaaacaaaataaaataagcecccctaagctcecccagaaaacatgactaaaccagcaagaaga
agaaaatacaataggtatatgaggagactggtgacactagtgtctgaatgaggcttgagtacagaaaagaggectct
agcagcatagtggtttagaggagatgtttctttccttcacagatgecttagectcaataagecttgecggttgtggaa
gtttactttcagaacaaactcctgtggggctagaattattgatggctaaaagaagceccgggggagggaaaaatcat
tLcagcatcctcacccecttagtgacacaaaacagagggggcectggtttteccatatttcctecatgatggatgatctegt
taatgaaggtggtctgacgagatcattgcttcttccatttaagecttgctcacttgccaatectcagttttaacct
tctccagagaaatacacattttttattcaggaaacatactatgttatagtttcaatactaaataatcaaagtactyg
aagatagcatgcataggcaagaaaaagtccttagetttatgttgetgttgtttcagaatttaaaaaagatcaccaa
gtcaaggacttctcagttctagcactagaggtggaatcttagcatataatcagaggtttttcaaaatttctagaca
taagattcaaagccctgcacttaaaatagtctcatttgaattaactctttatataaattgaaagcacattctgaac
tacttcagagtattgttttatttctatgttcttagttcataaatacattaggcaatgcaatttaattaaaaaaacce
caagaatttcttagaattttaatcatgaaaataaatgaaggcatctttacttactcaaggtcecccaaaaggtcaaag
aaaccaggaaagtaaagctatatttcagecggaaaatgggatatttatgagttttctaagttgacagactcaagttt
taaccttcagtgcceccatcatgtaggaaagtgtggcataactggetgattectggetttetactecttttteccatta
aagatccctcectgettaattaacattcacaagtaactetggttgtactttaggcacagtggeteccgaggtcagte
acacaataggatgtctgtgctccaagttgeccagagagagagattactettgagaatgagectcageectggetcaa
actcacctgcaaacttegtgagagatgaggcagaggtacactacgaaagcaacagttagaagectaaatgatgagaa
cacatggactcatagagggaaacaacgcatactggggcectatcagagggtggagggtgagagaaggagaggatcag
gaaaaatcactaatggatgctaagcgtaatacctgagtgatgagatcatctatacaacaaacccccttgacattca
tttatctatgtaacaaacctgcacatcctgtacatgtaccecctgaacttaaaataaaagttgaaaacaagaaagca
acagtttgaacacttgttatggtctattctctcattctttacaattacactagaaaatageccacaggcttectgea
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aggcagccacagaatttatgacttgtgatatccaagtcattectggataatgcaaaatctaacacaaaatctagta
gaatcatttgcttacatctatttttgttctgagaatatagatttagatacataatggaagcagaataatttaaaat
ctggctaatttagaatcctaagcagctcttttectatcagtggtttacaagecttgtttatatttttectatttta
aaaataaaaataaagtaagttatttgtggtaaagaatattcattaaagtatttatttcttagataataccatgaaa
aacattcagtgaagtgaagggcctactttacttaacaagaatctaatttatataatttttcatactaatagcatet
aagaacagtacaatatttgactcttcaggttaaacatatgtcataaattagccagaaagatttaagaaaatattgg
atgtttccttgtttaaattaggcatcttacagtttttagaatcctgcatagaacttaagaaattacaaatgctaaa
gcaaacccaaacaggcaggaattaatcttcatcgaatttgggtgtttctttctaaaagtcctttatacttaaatgt
cttaagacatacatagattttattttactaattttaattatatagacaataaatgaatattcttactgattacttt
ttctgactgtctaatctttctgatctatcctggatggccataacacttatctctctgaactttgggecttttaatat
aggaaagaaaagcaataatccatttttcatggtatctcatatgataaacaaataaaatgcttaaaaatgagcaggt
gaagcaatttatcttgaaccaacaagcatcgaagcaataatgagactgceccgcagectacctgacttctgagtcag
gatttataagccttgttactgagacacaaacctgggectttcaatgctataacctttettgaagetecteectace
acctttagccataaggaaacatggaatgggtcagatccctggatgcaagecaggtctggaaccataggcagtaagg
agagaagaaaatgtgggctctgcaactggctceccgagggagcaggagaggatcaaccceccatactcectgaatctaagag
aagactggtgtcecatactctgaatgggaagaatgatgggattacccatagggettgttttagggagaaacctgtte
tccaaactettggecttgagatacctggtecttattecttggactttggecaatgtctgaccctcacattcaagtte
tgaggaagggccactgecttcatactgtggatctgtagecaaattceccececectgaaaacccagagetgtatettaattyg
gttaaaaaaaattatattatctcaacgactgttecttetectgagtagecaagetcagettggttcaagetacaagea
gctgagcectgetttttgtctagtcattgttecttttatttcagtggatcaaatacgttetttceccaaacctaggatett
gtcttcecctaggctatatattttgtecccaggaagtcttaatetggggtceccacagaacactagggggectggtgaagtt
tatagaaaaaaaatctgtatttttacttacatgtaactgaaatttagecattttettctactttgaatgcaaaggac
aaactagaatgacatcatcagtacctattgcatagttataaagagaaaccacagatattttcatactacaccatag
gtattgcagatctttttgtttttgtttttgtttgagatggagtttecgectettattgeccaggectggagtgecagtgg
catgatttcggctcactgcaacctccecttectgecattcaagcaattctectgecttggectectgagtagetggg
gattacaggcacctgccaccatgccagtctaatttttgtatttttagtagagatggggtttegecatgttggecag
gctggtcttgaactcctgacctcagatgatctgececgecttggectectgaagtgectgggattataggtgtgagece
accacgcctggcccattgcagatatttttaattcacatttatctgcatcactacttggatcttaaggtagectgtag
acccaatcctagatctaatgctttcataaagaagcaaatataataaatactataccacaaatgtaatgtttgatgt
ctgataatgatatttcagtgtaattaaacttagcactcctatgtatattatttgatgcaataaaaacatatttttt
tagcacttacagtctgccaaactggcctgtgacacaaaaaaagtttaggaattecctggttttgtectgtgttageca
atggttagaatatatgctcagaaagataccattggttaatagctaaaagaaaatggagtagaaattcagtggectyg
gaataataacaatttgggcagtcattaagtcaggtgaagacttctggaatcatgggagaaaagcaagggagacatt
cttacttgccacaagtgtttttttttttttttttttttatcacaaacataagaaaatataataaataacaaagtca
ggttatagaagagagaaacgctcttagtaaacttggaatatggaatccccaaaggecacttgacttgggagacagga
gccatactgctaagtgaaaaagacgaagaacctctagggectgaacatacaggaaattgtaggaacagaaatteet
agatctggtggggcaaggggagccataggagaaagaaatggtagaaatggatggagacggaggcagaggtgggecag
atcatgaggtcaagagatcgagaccatcctggcaaacatggtgaaatceccegtectectactaaaaataaaaaaattag
ctgggcatggtggcatgecgectgtagtceccagetgetegggaggctgaggcaggagaategtttgaacccaggagyg
cgaaggttgcagtgagctgagatagtgccattgcacteccagtectggcaacagagtgagacteccgtctcaaaaaaaa
aaaaaaaagaaagaaagaaaagaaaaagaaaaaagaaaaaataaatggatgtagaacaageccagaaggaggaactyg
ggctggggcaatgagattatggtgatgtaagggacttttatagaattaacaatgetggaatttgtggaactctget
tctattattcccccaatcattacttectgtcacattgatagttaaataatttctgtgaatttattecttgattctaa
aatatgaggataatgacaatggtattataagggcagattaagtgatatagcatgagcaatattcttcaggcacatg
gatcgaattgaatacactgtaaatcccaacttccagtttcagectctaccaagtaaagagctagcaagtcatcaaaa
tggggacatacagaaaaaaaaaaggacactagaggaataatataccctgactcctagecctgattaatatatcgatt
cacttttttctctgtttgatgacaaattctggctttaaataattttaggattttaggctictcagctececcttecececa
gtgagaagtataagcaggacagacaggcaagcaagaagagagccccaggcaatactcacaaagtagccaatgteccece
ctgtggtcatagagaaatgaaaagagagaggattctctggaagcactggatgtaatcttttetgtctgtectetet
agggaatcaccccaaggtactgtactttgggattaaggctttagtcccactgtggactacttgetattctgttcag
tttctagaaggaactatgtacggtttttgtctcecctagagaaactaaggtacagaagttttgtttacaatgecacte
cttaagagagctagaactgggtgagattctgttttaacagectttattttcttttecttggececctgtttttgtcact
gtcaccacctttaaggcaaatgttaaatgecgectttggcectgaaactttttttecctattttgagatttgeteetttat
atgaggctttcecttggaaaaggagaatgggagagatggatatcattttggaagatgatgaagagggtaaaaaagggg
acaaatggaaatttgtgttgcagatagatgaggagccaacaaaaaagagectcaggatccagecacacattatecaca
aacttagtgtccatccatcactgctgaccctctecggacctgactecaccectgagggacacaggtcagecttgac
caatgacttttaagtaccatggagaacagggggccagaacttcecggcagtaaagaataaaaggccagacagagagge
agcagcacatatctgctteccgacacagetgcaatcactagcaagetcectcaggectggecatcatggtgecattttact
gctgaggagaaggctgceccgtcactagectgtggagecaagatgaatgtggaagaggectggaggtgaagecttgggea
ggtaagcattggttctcaatgcatgggaatgaagggtgaatattaccctagecaagttgattgggaaagtcectecaag
attttttgcatctctaattttgtatctgatatggtgtcatttcatagactectegttgtttacccctggaccecaga
gattttttgacagctttggaaacctgtcgtctecctetgecatectgggecaacecccaaggtcaaggeccatggecaa
gaaggtgctgacttcctttggagatgctattaaaaacatggacaacctcaagecececgectttgectaagectgagtgag
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ctgcactgtgacaagctgcatgtggatcctgagaacttcaaggtgagttcaggtgetggtgatgtgattttttgge
tttatattttgacattaattgaagctcataatcttattggaaagaccaacaaagatctcagaaatcatgggtcgag
cttgatgttagaacagcagacttctagtgagcataaccaaaacttacatgattcagaactagtgacagtaaaggac
tactaacagcctgaattggcttaacttttcaggaaatcttgecagaacttgatgtgtttatecccagagaattgtat
tatagaattgtagacttgtgaaagaagaatgaaatttggcttttggtagatgaaagtccatttcaaggaaatagaa
atgccttattttatgtgggtcatgataattgaggtttagaaagagatttttgcaaaaaaaataaaagatttgctca
aagaaaaataagacacattttctaaaatatgttaaatttcccatcagtattgtgaccaagtgaaggcttgtttceg
aatttgttggggattttaaactcccgctgagaactcttgcagcactcacattctacatttacaaaaattagacaat
tgcttaaagaaaaacagggagagagggaacccaataatactggtaaaatggggaagggggtgagggtgtaggtagyg
tagaatgttgaatgtagggctcatagaataaaattgaacctaagctcatctgaattttttgggtgggcacaaacct
tggaacagtttgaggtcagggttgtctaggaatgtaggtataaagccgtttttgtttgtttgtttgttttttcate
aagttgttttcggaaacttctactcaacatgecctgtgtgttattttgtecttttgectaacagetectgggtaacgt
gatggtgattattctggctactcactttggcaaggagttcaccectgaagtgcaggctgectggcagaagetggtyg
tctgctgtecgecattgecectggeccataagtaccactgagttetcttecagtttgcaggtgttectgtgacectga
caccctecttetgecacatggggactgggecttggecttgagagaaagecttetgtttaataaagtacattttettea
gtaatcaaaaattgcaattttatcttctccatecttttactettgtgttaaaaggaaaaagtgttcatgggetgagg
gatggagagaaacataggaagaaccaagagcttecttaagaaatgtatgggggecttgtaaaattaatgtggatgtt
atgggagaattccaggattccaaggaggatgatatgatggagaaaaatctttateggggtgggaaaatggttaatt
aagtggacagagactcctaggcagtttttactgecaccggggaaagaaggagetgttagtggtacctgagaaageag
atttgtggtacatgtcacttttcattaaaaacaaaaacaaaacaaaacaaaacttcatagatatccaagatatagg
ctagaattactattttaatttactcttatttacattttgaagtagctagecttgtcacatgttttatgaaattgatt
tggagataagatgagtgtgtatcaacaatagecctgectetttecatgaaggattecattatttcatgggttagetga
agctaagacacatgatatcattgtgcattatcttctgatagaatgtaacatgcactaaaataaagttagagttagg
acctgagtgggaaagtttttggagagtgtgatgaagactttcecgtgggagatagaatactaataaaggcttaaatt
ctaaaaccagcaagctagggcttcgtgacttgcatgaaactggctctctggaagtagaagggagagtaagacatac
gtagaggactaggaaagaccagatagtacagggcctggctacaaaaatacaagcttttactatgctattgcaatac
taaacgataagcattaggatgttaagtgactcaggaaataagattttgggaaaaagtaatctgcttatgtgcacaa
aatggattcaagtttgcagataaaataaaatatggatgatgattcaaggggacagatacaatggttcaaacccaag
aggagcagtgagtctgtggaatttgaaggatggacaaaggtggggtgagaaagacatagtattcgactgactgtgg
gagatgagaaggaagaaggaggtgataaatgactgaaagctcccagactggtgaagataacaggaggaaaccatgce
actgacctggtgactctcatgtgtgaagggtagagggatattaacagatttactttttaggaagtgctagattggt
cagggagttttgaccttcaggtcttgtgtctttcatatcaaggaacctttgcattttccaagttagagtgeccatat
tttggcaaatataactttattagtaattttatagtgctctcacattgatcagactttttcctgtgaattacttttyg
aatttggctgtatatatccagaatatgggagagagacaaataattattgtagttgcaggctatcaacaatactggt
ctctctgagecttataacctttcaatatgeccataaacagagtaaacagggattattcatggecactaaatatttte
acctagtcagtcaacaaatgggagcaatgtgcattttttgatacatatttttatatatttatggggtacatgtgat
acttacatgcctagaacatgtgatgattaagtctagatatttaggatateccattgetttgagecatttatcatttet
atgtattgagaaaatttcaaatcctcatttctagecattttgaaatatataataaatagtaattaactatagtcac
cctactcaaatatcaaacattatggcttaatccttctatccaactgtgtttgtacctattaaccaacatctcettaa
atccccteccatacacactcacactttttecagectcectgataactatcattetactetcectaccaccatgagaccea
cttttttagctcccacagatgaataaaaacatgtgatatttgactttetgtatctggettattttattatectatet
ctttggcataccaagagtttgtttttgttctgcttcagggetttcaattaacataatgacctectggttecatcececat
gttgctacaaatgacaagatttcattctttttcatggcaaaatagtactgtgcaaaaatacaattttttaatecgt
tcatctgttgatagacacttaggttgatcccaaaccttaactattgtgaatagtgcttcaataaacatgagtgtaa
tgtgtccattggatatactgatttcctttcttttggataaataaccactagtgagattgctggattgtatgatagt
tctgtttttagtttactgagaaatcttcatactgttttccataatggttgtactattttacattcccaccaacagt
gtgtaagaaagagttcccttttcteccatatecctcacaaggatetgttattttttgtettttttgttaatagecegtt
ttaactagagtaagtagatatctcattgtagttttgatttgcatttccctgatcattagtgatgttgagaattttt
tcatatgtttgttggtcatttgtatatctttttctgagaattgtctgttcatgtccttagectactttttattggg
attgtttgttattttcttgataatctatttgtgttcattttagagcctggatattattcttttgtcagatgtatag
attgtgaagattttctcccactctgtgggttgtctgtttattctgcagactcttecttttgecatgcaaaagetet
ttagtttaatttagtcccagatattttectttgtttttatgtatttgcatttgtgttcttggtcatgaaatecttte
ctaagccaatgtgtagaagggtttttceccgatgttattttctagaattgttacagtttcagggettagatttaagte
cttgatccatcttgagttgatttttgtataaggtgagagatgaagatccagtttcattetectacatgtagettge
cagctatccccocgecaccatttgttgaatagggtgeccctttecccactttatgtttttgtttgetttgtcaaagateca
gttggatgtaagtatttgagtttatttctgggttctctattectgtteccattggtegatgtgectatttgtacacea
gcatcatgctgttttggtgactatggeccttattgtatagtttgaaatgaggtaatgtaatgecttcagatttgtte
ttttttttagacttgecttgtttattgggectecttttttggtteccataagaattttaggattgttttttctagttectyg
tgaagactaatggtggtattttgatgggaattgcaatgaatttgtaggttgettcectggcattatggccattttcac
aatattgattctacccatctatgagaatggcatgtgttteccatttgtttgtgtecttatatgattactttcagecgt
gttttgtagttttccttgtagatgtctttcacctecttggttaggtatatattecctaagtttttgttttgttttgt
tttgttttttgcagctattgtaaaaggggttgagttcecttgattttattectcagettggtcattgetggtatgtaag
aaagcaactcattggtgtacgttaattttgtatccagaaactttgctgaattattttatcagttctagggggtttt
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ggaggagtctttagagttttctacatacacaatcatatcatcagcaaacagtgacagtttgactttectcectttaaca
atttggatgtgctttacttgtttctcttgtctgattgectettgectaggactteccagtaatatgttaaagagaagtyg
gtgagagtgggtatccttgtctcattccagttttcagacagaatgcttttaacttttteccattcaatataatgtt
ggctgtgtgtttaccatagctggcttttattacattgaggtatgtecctttgtaaaccgattttgetgagttttagt
cataaagtgatgttgaattttgttgaatgcagtttctgtggectattgagataatcacatgatttttgtttccaatt
ctctttatgttgtgtatcacacttattgacttgcgtatgttaaaccatcecgtgcatcecctegecatgaaacccactt
gatcatgggttttgatatgctgtcggatgctattagctagtattttgtcaaggatgttggcatctatgttcatcag
ggatattgatctgtagtgttttttttttttggttatgttctttcccagttttggtattaaggtgatactggcttca
tagaatgatttagggaggattctctctttctctatcttgtagaatactgtcaataggattggtatcaattcttectt
tgaatgtctggtagaattcagctgtgaatctatctggtcctggacttttttgttgttggtaaatttttattatcat
ttcagtcttgctgcttattactggtctgttcagggtatctaattcttecctgacttaagectagagecectgtatettt
ccaggaattcgaacgtctcctttaggttttctagtttatgcatgtaaaggtgttcatagtagecttgaataatectt
ttgtatttctgtggtatcagtaatagtatctcctgttttgtttctaattgagtttatttgcacttctetectettt
tcttggttaatcttgctaatggtctatcagttttatttatcttttcaaagaaccagetttttatttcatttagett
ttgtatttttttgcagttgttttaatttcatttagttectectettatettagttattecctttettttgetgggtt
ttggttctgtttgtttttgtttctctagtttecttgtggtgtgaccttatattgtctgtetgtectcectttcagacte
tttgacatcgacatttagggctgtgaactttecttttagecaccatcectttgetgtatecctagaggttttgataggtt
gtgtcactattgtcggtcagttcaagtaattttgttgttcttattatactttaagttetgggatacatgtgecagaa
tgtgcaggtttgttacataggtatagatgtgeccatggtggtttgctgecacccatcaacctgtcatctacattaggt
atttcttttaatgttatcecectcectectaaccecectecaccececececgacaggecctggtgtgtgatgtteceecteecetgt
gtccatgtgttctcattgttcaactcecccacttatgagtgagaacgtgtggtgtttggtttetetgttectgtgtta
gtttgctcagaatgatggtttccaccttcatccatgtcecectgecaaagacatgaactcatcatttttatggetgeat
agtattccatggtgtatatgtgccacattttctttatccattatategetgatggeccatttgggttggttccaagt
ctttgctattgtgaatagtgccacaataaacatacgtgtgcacgtgtctttatagtagaatgatttctaattettt
gggtatatacccagtaatgggattgctgggtcaaacagtatttctggttctagatccttgaggaatcgeccacactyg
tcttccacaatggttgaactaatttacacacccatcaacagtgtaaaatttttectattecttccacatectcteca
gcaccttttgtttcctgactttttaataattgccattctaactggcatgagatggtatctcattgtggttttgatt
tgcatttctctaatgaccagtgatgatgagcttcttttcatgtgtttecttggeccacataaatgacttctttagaga
agcatctgttcatatcctttgtccactttttgatggggtecgttaggttttttcttgtaaatttgttgaagttcttt
gtagattttggatgttagccctttgtcagatggatagattgcaaaaattttctececcattctgtaggttgectgtte
actctgatgatagtcttttgctgtgcagaagctctttagtttaattagatcccatatgtcaattttggectttgtt
gtcattgcttttgatgttttagtcgtgaatttttgeccatgectatgtecctgaatggtattgectaggttatette
taggatttttatggttttaggttgcacatttaagtctttaatccaccttgagttaatttttgtataaggtgtaagg
aaggggtacagtttcagttttatgcatattgctagccagtttttccagcaccatttattaaatagggaattettte
tccattgcttttgtgatgtttgtcaaagatcagatggtegtagatgtgtggecattatttectgaggettetgttetg
ttccactggtctatatatectgttttggtaccagtaccatgetgtttttgttactgtagecttgtagtatagtttga
agtcaggtagcatcatgcctccagetttgttctttttgtttaggattgtettggetatatgggetecttttttgatt
ccatatgacatttaaagtagttttttctaattectttgaaaaaagtcagtggtagettgatggggatagecattgaat
ctataaattactttgggcagtatggccattttaaagatattgattctttctatetatgagecatggaatgtttttec
atttgtttgtgtectctettatttecttgagcagtgagtggtttgtagetetecttgaagaggttcttcacatecee
ttagaagttgtatttctaggtattttattttattctetttgcagcaattgtgaatgggagttcacccatgatttgg
ctctctgettgtectattattggtgtataggaacgettgtgatttctgecacactgattttgtatettgagactttge
tgaagctgtttatcagcecttaagattttgggectgagatgacagggtcttctaaatatacaatcatgtcatctgcaaa
cagagacaatttgacttcctctcttectatttgaatatgetttatttetttctettgectgattgtectggegaga
acttccaatactatgttgagtaagagtggcgagagggcatccttgtcttgtgeccggttttcaaagcaaatgatttt
taaatttccatcttgatttcattgttgacccaatgatcattcaggagcaggttatttaatttccctgtatttgecat
ggttttgaaggttccttttgtagttgatttccaattttattctactgtggtctgagagagtgecttgatataatttc
aatttttaaaaatttattgaggcttgttttgtggcatatcatatggcctatcttggagaaagttccatgtgctgat
gaatagaatgtgtattctgcagttgttgggtagaatgtcctgtaaatatctgttaagtccatttgttctttaaatce
cattgtttctttgtagactgtcttgatgacctgecctagtgcagtcagtggagtattgaagtcceccccactattatta
tgttgctgtctagtctagtagtaattgttttataaatttgggatctccagtattagatgcatatatattaagaatt
gtaatattctcccattggacaagggcttttatcattatatgatgtcecctetttgtettttttaactgectgtttett
taaagtttgttttgtctgacataagaatagctgctttggctegettttggtgteccatttgtgtggaatgtecatttt
ccacccectttaccttaagtttatgtgagtecttatgtgttaggtgagtectectgaaggeggecagataactggttgg
tgaattcttattcattcectgecaattctgtatcttttaagtggagecatttagtccatttacattcaacatcagtattyg
aggtgtgaggtactattccattcttegtggtatttgttgectgtgtatetttttatectgtatttttgttgtatatyg
tcctatgggatttatgetttaaagaggttctgttttgatgtgettccagggtttatttcaagatttagageteett
ttatcagttcttgtagtgttggcttggtagtgccgaattctectcagecatttgtttttetgaaaaacactgtgtatt
ttcttcatttgtgaagcttagtttcactggatataaaattcttggctgataattgttttgtttaagaaggctgaag
atagggccatattcacttctagettttacggtttctgetgagaaatctgetgttaatetgataggttttcetttecat
aggttacctggtagtttcacctcacagctcttaagattctetttgtectttagataactttggatactcectgatgaca
atgtacctaggcaatgatatttttgcaatgaatttcccaggtgtttattgagettettgtatttggatatetaggt
ctctagcaaggtgggggaagttttccttgattatttcecctggataagttttccaaacttttagatttectettettt
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ctcaggaatgctgattattcttaggtttgattgtttaacataatcccagatttettggaggetttgttcatatttt
cttattcttttttctttgtetttgttggattgggttaattcaaaaactttgtecttcaagetetgaatttettetge
ttggattctattgctgagactttctagagecattttgecatttectataagtgecateccattcateccattgtttectgaa
gttttgaatgttttttatttatgctatctctttaactgaagatttctecectcatttettgtatcatatttttggt
ttttttaaaattggacttcaccttecteggatgectecttgattagettaataactgaccttectgaattattttte
aggtaaatcagggatttcttcttggtttggatgcattgctggtgagctagtatgattttttggggggtgttaaaga
accttgtttttcatattaccagagttagttttctggttccttctcacttgggtaggectectgtcagagggaaagtet
aggcctcaaggctgagacttttgtcecccatgaggtgttcecttgatgtagcacagtcececcttttecctaggegtggyg
gcttcecctgagagecgaactgtagtgattgttatectetettetggatectagecacccatcaggtctaccagacteca
ggctggtactggggtttgtctgcacagagtcttgtgacgtgaaccatctgtgggtctctcageccatagatacaacc
acctgctccaatggaggtggcagaggatgaaatggactctgtgagggtceccttacttttggttgttcaatgcactat
ttttgtgctggttggcctectgeccaggaggtggcactttctagaaagecatcagcagaggcagtcaggtggtggtagg
ctgggggggctggggcaccctagaactecccaagaatatatgecectttgtettcagetaccagggtgagtaaggaag
gaccatcaggtgggggcaggactagtcgtgtctgagetcagagtctecttgggcaggtctttetgtggectactgtyg
ggaggatgggggtgtagtttccaggtcaatggatttatgttecctaggacaattatggetgectetgetgtgtecatg
caggtcatcaggaaagtgggggaaagcaagcagtcacgtgacttgecccageteeccatgecaactcaaaaggttggte
tcacttcecagegtgecaccctceeccecgecaacagecaccgaatetgtttecatgecagtcagtgagecaaggetgagaact
tgcccecaggetaccagetgegaaaccaagtagggetgtectactteectgecagtggagtectgecacaccaaattea
tgtccceccecceccaccaaccceccccactgeccageccectagatetggecaggtggagattttetttttectgtecatettt
tcccagttectectggcageccteccaaatgaccectgtgaggcaaggcagaaatggettectaggggacccagaga
gcccacagggcttttcecegetgettectectaccectgtattttgettggecctctaaattgactcagetceccaggta
aggtcagaatcttctcecctgtggtctagatcttcaggttcecccagtgaggatgtgtgtttgggggtagacggtecce
cttttccacttccacagtttgggcactcacaatatttggggtgtttececcgggtectgcaggagecaatectgettett
tcagagggtgtgtgcgttctctcagetttcttgatttatttectgcaggtggttectgcaaaaaaaattectgatggg
agacttcacatgctgctctgtgcatccgagtgggagetgcaatgtacttctgectgectecccatectgecatcaceet
ctaatttgtcggtaatatgcatttttaatcaatctttttttctctctectectetttttettcteccccaaaactata
ctgccctttgatatcaaggaatcaaggacgtgatgttgaggggtgggcagtggatacactcectttaccecttaggga
gctatatctagatttagatattgccaattcaagataacttaattgaaagcaaattcataatgaatacacacacaca
cacacacatctgcatgacaagatttttaatagttgaaagaataactaataattgtccacaggcaataagggctttt
taagcaaaacagttgtgataaacaggtcattcttagaatagtaatccagccaatagtacaggttgcttagagatta
tgtcattaccagagttaaaattctataatggcttctcactccctaccactgaggacaagtttatgteccttaggttt
atgcttccctgaaacaataccacctgctattctceccactttacatatcaacggecactggttcetttatctaactetet
ggcacagcaggagtttgttttcttctgcttcagagectttgaatttactatttcagettctaaactttatttggcaa
tgccttecceccatggcagattecttctgtecattttgectetgttcgaatactttctecttaatttcattecttagttaa
taatatctgaaattattttgttgtttaacttaattattaattttatgtatgttctacctagattataatcttcaga
ggaaagttttattctctgacttatttaacttaaatgeccactactttaaaaattatgacatttatttaacagatat
ttgctgaacaaatgtttgaaaatacatgggaaagaatgecttgaaaacacttgaaattgettgtgtaaagaaacagt
tttatcagttaggatttaatcaatgtcagaagcaatgatataggaaaaatcgaggaataagacagttatggataag
gagaaatcaacaaactcttaaaagatattgectcaaaagcataagaggaaataagggtttatacatgacttttaga
acactgecttggtttttggataaatggggaagttgtttgaaaacaggagggatcctagatattecttagtetgagg
aggagcaattaagattcacttgtttagaggctgggagtggtggctcacgectgtaateccagaattttgggaggee
aaggcaggcagatcacctgaggtcaagagttcaagaccaacctggccaacatggtgaaatcccatctctacaaaaa
tacaaaaattagacaggcatgatggcaagtgecctgtaatcccagectacttgggaggectgaggaaggagaattgett
gaacctggaaggcaggagttgcagtgagccgagatcataccactgcactccagecctgggtgacagaacaagactct
gtctcaaaaaaaaaaaagagagattcaaaagattcacttgtttaggccttagecgggcttagacaccagtctcectgac
acattcttaaaggtcaggctctacaaatggaacccaaccagactctcagatatggccaaagatctatacacaccca
tctcacagatcccecctatcttaaagagaccctaatttgggttcacctcagtctectataatetgtaccagecataccaa
taaaaatctttctcacccatccttagattgagagaagtcacttattattatgtgagtaactggaagatactgataa
gttgacaaatctttttctttcctttcttattcaacttttattttaacttccaaagaacaagtgcaatatgtgcagce
tttgttgcgcaggtcaacatgtatctttctggtettttagecgectaacactttgagcagatataagecttacaca
ggattatgaagtctgaaaggattccaccaatattattataattcctatcaacctgataggttaggggaaggtagag
ctctcctecaataagccagatttccagagtttctgacgtcataatctaccaaggtcatggatcgagttcagagaaa
aaacaaaagcaaaaccaaacctaccaaaaaataaaaatcccaaagaaaaaataaagaaaaaaacagcatgaatact
tcctgeccatgttaagtggeccaatatgtcagaaacagecactgagttacagataaagatgtectaaactacagtgacat
cccagcetgtcacagtgtgtggactattagtcaataaaacagtecectgectettaagagttgttttccatgecaaata
catgtcttatgtcttagaataagattccecctaagaagtgaacctagcatttatacaagataattaattctaatcceat
agtatctggtaaagagcattctaccatcatctttaccgagecatagaagagetacaccaaaaccectgggtcecatecage
cagcacatacacttatccagtgataaatacacatcatcgggtgectacatacatacctgaatataaaaaaaatact
tttgctgagatgaaacaggcgtgatttatttcaaataggtacggataagtagatattgaagtaaggattcagtett
atattatattacataacattaatctattcctgcactgaaactgttgetttataggatttttcactacactaatgag
aacttaagagataatggcctaaaaccacagagagtatattcaaagataagtatagcacttcttatttggaaaccaa
tgcttactaaatgagactaagacgtgtcccatcaaaaatcctggacctatgectaaaacacatttcacaateccectg
aacttttcaaaaattggtacatgctttaactttaaactacaggcecctcactggagctacagacaagaaggtgaaaaa
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cggctgacaaaagaagtcctggtatcttctatggtgggagaagaaaactagectaaagggaagaataaattagagaa
aaattggaatgactgaatcggaacaaggcaaaggctataaaaaaaattaagecagcagtatectecttgggggeececet
tccccacactatctcaatgcaaatatectgtectgaaacggtecctggetaaactecacccatgggttggecagectt
gccttgaccaatagecttgacaaggcaaacttgaccaatagtcecttagagtatcecagtgaggecaggggecggegge
tggctagggatgaagaataaaaggaagcacccttcagcagttccacacactegettectggaacgtectgaggttate
aataagctcctagtccagacgccatgggtcatttcacagaggaggacaaggctactatcacaagectgtggggcaa
gogtgaatgtggaagatgctggaggagaaaccctgggaaggtaggctctggtgaccaggacaagggagggaaggaaqg
gaccctgtgecctggcaaaagtccaggtecgettctcaggatttgtggcaccttctgactgtcaaactgttcttgtca
atctcacaggctcctggttgtctacccatggacccagaggttctttgacagetttggecaacctgtecctetgectet
gccatcatgggcaaccccaaagtcaaggcacatggcaagaaggtgctgacttccttgggagatgeccataaagcacc
tggatgatctcaagggcacctttgcccagctgagtgaactgcactgtgacaagectgecatgtggatcctgagaactt
caaggtgagtccaggagatgtttcagcactgttgectttagtctcgaggcaacttagacaactgagtattgatctyg
agcacagcagggtgtgagctgtttgaagatactggggttgggagtgaagaaactgcagaggactaactgggctgag
acccagtggcaatgttttagggectaaggagtgectctgaaaatctagatggacaactttgactttgagaaaagag
aggtggaaatgaggaaaatgacttttctttattagatttcggtagaaagaactttcacctttecectatttttgtt
attcgttttaaaacatctatctggaggcaggacaagtatggtcattaaaaagatgcaggcagaaggecatatattgg
ctcagtcaaagtggggaactttggtggccaaacatacattgectaaggetattectatatcagetggacacatataa
aatgctgctaatgcecttcattacaaacttatatecctttaattecagatgggggraaagtatgtecaggggtgaggaa
caattgaaacatttgggctggagtagattttgaaagtcagetectgtgtgtgtgtgtgtgtgtgtgecgegegtgtgt
ttgtgtgtgtgtgagagecgtgtgtttcttttaacgttttcagectacagecatacagggttcatggtggcaagaaga
taacaagatttaaattatggccagtgactagtgctgcaagaagaacaactacctgcatttaatgggaaagcaaaat
ctcaggctttgagggaagttaacataggcttgattctgggtggaagettggtgtgtagttatctggaggecagget
ggagctctcagctcactatgggttcatctttattgtectectttcatctcaacagetectgggaaatgtgetggtga
ccgttttggcaatccattteggcaaagaattcaccectgaggtgcaggettectggcagaagatggtgactggagt
ggccagtgccctgtcectcecagataccactgagcectcactgeccatgatgcagagectttcaaggataggetttattct
gcaagcaatcaaataataaatctattctgctaagagatcacacatggttgtcttcagttctttttttatgtectttt
taaatatatgagccacaaagggttttatgttgagggatgtgtttatgtgtatttatacatggctatgtgtgtttgt
gtcatgtgcacactccacacttttttgtttacgttagatgtgggttttgatgagcaaataaaagaactaggcaata
aagaaacttgtacatgggagttctgcaagtgggagtaaaaggtgcaggagaaatctggttggaagaaagacctcta
taggacaggactcctcagaaacagatgttttggaagagatggggaaaggttcagtgaagggggctgaaccecctte
cctggattgcagcacagcagcgaggaaggggctcaacgaagaaaaagtgttccaagectttaggaagtcaaggttta
ggcagggatagccattctattttattaggggcaatactatttccaacggcatctggettttectcageccttgtgag
gctctacagggaggttgaggtgttagagatcagagcaggaaacaggtttttctttccacggtaactacaatgaagt
gatccttactttactaaggaacttttcattttaagtgttgacgcatgectaaagaggtgaaattaatcccatacee
ttaagtctacagactggtcacagcatttcaaggaggagacctcattgtaagettectagggaggtggggacttaggt
gaaggaaatgagccagcagaagctcacaagtcagecatcagegtgtcatgtectcagecagecagaacagecacggtecaga
tgaaaatatagtgtgaagaatttgtataacattaattgagaaggcagattcactggagttcttatataattgaaag
ttaatgcacgttaataagcaagagtttagtttaatgtgatggtgttatgaacttaacgettgtgtctecagaaaat
tcacatgctgaatccccaacteccaattggeteccatttgtgggggaggetttggaaaagtaatcaggtttagagga
gctcatgagagcagatccccatcatagaattattttectcatcagaagcagagagattagecatttetettectte
tggtgaggacacagtgggaagtcagccacctgcaacccaggaagagagecctgaccaggaaccagcagaaaagtga
gaaaaaatcctgttgttgaagtcacccagtctatgetattttgttatagcaccttgecactaagtaaggcagatgaa
gaaagagaaaaaaataagcttecggtgttcagtggattagaaaccatgtttatctcaggtttacaaatctceccacttg
tcctectgtgtttcagaataaaataccaactctactactctcatctgtaagatgcaaatagtaagectgageectte
tgtctaactttgaattctattttttcttcaacgtactttaggcttgtaatgtgtttatatacagtgaaatgtcaag
ttctttctttatatttctttetttecttttttttcctcagectcagagttttccacatgececcttectactttcagga
acttctttctccaaacgtecttctgectggcteccatcaaatcataaaggacccactttcaaatgeccatcactcactac
catttcacaattcgcactttctttctttgtecctttttttttttagtaaaacaagtttataaaaaattgaaggaata
aatgaatggctacttcataggcagagtagacgcaagggctactggttgccgatttttattgttatttttcaatagt
atgctaaacaaggggtagattatttatgctgcccatttttagaccataaaagataacttectgatgttgecatgge
atttttttecttttaattttatttcatttcattttaatttcgaaggtacatgtgcaggatgtgcaggecttgttaca
tgggtaaatgtgtgtctttctggccttttageccatctgtatcaatgagcagatataagetttacacaggatcatga
aggatgaaagaatttcaccaatattataataatttcaatcaacctgatagcttaggggataaactaatttgaagat
acagcttgecteccgataageccagaattccagagettetggecattataatcectagecaaggttagagatcatggatcac
tttcagagaaaaacaaaaacaaactaaccaaaagcaaaacagaaccaaaaaaccaccataaatacttectaccctg
ttaatggtccaatatgtcagaaacagcactgtgttagaaataaagctgtctaaagtacactaatattecgagttata
atagtgtgtggactattagtcaataaaaacaacccttgectcetttagagttgtttteccatgtacacgcacatetta
tgtcttagagtaagattccctgagaagtgaacctagecatttatacaagataattaattcectaatccacagtacctge
caaagaacattctaccatcatctttactgagcatagaagagctacgeccaaaacecctgggtcatcagceccagecacaca
cacttatccagtggtaaatacacatcatctggtgtatacatacatacctgaatatggaatcaaatatttttctaag
atgaaacagtcatgatttatttcaaataggtacggataagtagatattgaggtaagcattaggtcttatattatgt
aacactaatctattactgcgctgaaactgtggctttatagaaattgttttcactgecactattgagaaattaagaga
taatggcaaaagtcacaaagagtatattcaaaaagaagtatagcactttttccttagaaaccactgctaactgaaa
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gagactaagatttgtccecgtcaaaaatcctggacctatgectaaaacacatttcacaatccecctgaacttttcaaaa
attggtacatgctttagctttaaactacaggcctcactggagectagagacaagaaggtaaaaaacggctgacaaaa
gaagtcctggtatcctcectatgatgggagaaggaaactagectaaagggaagaataaattagagaaaaactggaatga
ctgaatcggaacaaggcaaaggctataaaaaaaattagcagtatcctettgggggecccttecccacactatetcea
atgcaaatatctgtctgaaacggtccecctggctaaactceccacccatgggttggeccagecttgecttgaccaatagee
ttgacaaggcaaacttgaccaatagtcttagagtatccagtgaggccaggggeccggecggectggectagggatgaaga
ataaaaggaagcacccttcagcagttccacacactcgcttctggaacgtctgaggttatcaataagectectagtece
agacgccatgggtcatttcacagaggaggacaaggctactatcacaagectgtggggcaaggtgaatgtggaagat
gctggaggagaaaccctgggaaggtaggectectggtgaccaggacaagggagggaaggaaggaccctgtgectggea
aaagtccaggtcgcttctcaggatttgtggcaccttctgactgtcaaactgttcttgtcaatctcacaggctectyg
gttgtctacccatggacccagaggttctttgacagctttggcaacctgtectectgectectgecatcatgggcaacce
ccaaagtcaaggcacatggcaagaaggtgctgacttecttgggagatgecacaaagcacctggatgatctcaaggg
cacctttgcccagectgagtgaactgcactgtgacaagetgecatgtggatectgagaacttcaaggtgagteccagga
gatgtttcagccctgttgectttagtctecgaggcaacttagacaacggagtattgatctgagecacagcagggtgtyg
agctgtttgaagatactggggttgggggtgaagaaactgcagaggactaactgggctgagacccagtggtaatgtt
ttagggcctaaggagtgectctaaaaatctagatggacaattttgactttgagaaaagagaggtggaaatgaggaa
aatgacttttctttattagattccagtagaaagaactttcatcttteectecatttttgttgttttaaaacatetat
ctggaggcaggacaagtatggtcgttaaaaagatgcaggcagaaggcatatattggcectcagtcaaagtggggaact
ttggtggccaaacatacattgctaaggctattcecctatatcagetggacacatataaaatgetgectaatgettecatt
acaaacttatatcctttaattccagatgggggcaaagtatgtccaggggtgaggaacaattgaaacatttgggetg
gagtagattttgaaagtcagctctgtgtgtgtgtgtgtgtgtgecgegegegegtgtgtgtgtgtgtgtcagegtgt
gtttcttttaacgtcttcagectacaacatacagggttcatggtggcaagaagatagecaagatttaaattatggee
agtgactagtgcttgaaggggaacaactacctgcatttaatgggaaggcaaaatctcaggetttgagggaagttaa
cataggcttgattctgggtggaagecttggtgtgtagttatctggaggeccaggetggagetcectcagetcactatggg
ttcatctttattgtctcecctttcatctcaacagectectgggaaatgtgectggtgaccgttttggcaatccatttegg
caaagaattcacccctgaggtgcaggcttcctggcagaagatggtgactgcagtggccagtgecctgtectceccaga
taccactgagctcactgcccatgattcagagectttcaaggataggctttattctgcaagecaatacaaataataaat
ctattctgctgagagatcacacatgattttcttcagectecttttttttacatctttttaaatatatgagccacaaag
ggtttatattgagggaagtgtgtatgtgtatttctgcatgcctgtttgtgtttgtggtgtgtgcatgctectecatt
tatttttatatgagatgtgcattttgatgagcaaataaaagcagtaaagacacttgtacacgggagttctgcaagt
gggagtaaatggtgtaggagaaatccggtgggaagaaagacctctataggacaggacttctcagaaacagatgttt
tggaagagatgggaaaaggttcagtgaagacctgggggctggattgattgcagetgagtagcaaggatggttctta
aggaagggaaagtgttccaagctttaggaattcaaggtttagtcaggtgtagcaattctattttattaggaggaat
actatttctaatggcacttagcttttcacagececcttgtggatgectaagaaagtgaaattaatcecccatgeecctcaa
gtgtgcagattggtcacagcatttcaagggagagacctcattgtaagactctgggggaggtggggacttaggtgta
agaaatgaatcagcagaggctcacaagtcagcatgagecatgttatgtectgagaaacagaccagecactgtgagatea
aaatgtagtgggaagaatttgtacaacattaattggaaggcttacttaatggaatttttgtatagttggatgttag
tgcatctctataagtaagagtttaatatgatggtgttacggacctaatgtttgtgtctectcaaaattcacatget
gaatccccaacteccaactgaccttatectgtgggggaggettttgaaaagtaattaggtttagatgagectcataag
agcagatccccatcataaaattattttecttatcagaagcagagagacaagecatttetetttecteccggtgagyg
acacagtgagaagtccgceccatctgcaatccaggaagagaaccctgaccacgagtcagecttcagaaatgtgagaaa
aaactctgttgttgaagccacccagtecttttgtattttgttatagcaccttgcactgagtaaggcagatgaagaag
gagaaaaaaataagcttgggttttgagtggactacagaccatgtttatctcaggtttgcaaagectcecctegtece
ctatgtttcagtataaaatacctactctactactctcatctataagacccaaataataagcecctgecgeccttcetete
taactttgatttctcctatttttacttcaacatgctttactctageccttgtaatgtctttacatacagtgaaatgt
aaagttctttattctttttttectttectttcttttttctectcagectcagaatttggcacatgeccttecttettt
caggaacttctccaacatctctgcctggctceccatcatatcataaaggteccactticaaatgcagtcactaccgttt
cagaatatgcactttctttcttttttgttttttgttttttttaagtcaaagcaaatttcttgagagagtaaagaaa
taaacgaatgactactgcataggcagagcagccccgagggecgetggttgttecttttatggttatttecttgatga
tatgttaaacaagttttggattatttatgccttctectttttaggccatatagggtaactttectgacattgecatgg
catttttcttttaatttaatttactgttaccttaaattcaggggtacacgtacaggatatgcaggtttgttttata
ggtaaaagtgtgccatggttttaatgggttttttttttcttgtaaagttgtttaagtttecttgtttactctggata
ttaggcctttgtcagaagaatagattggaaaatctttttcecccattctgtagattgtetttegetectgatggtagtt
tcttttgectgagcaggagetectttagtttaattagattccattggtcaatttttgettttgetgecaattgetttte
acgctttcatcatgaaatctgtgeccegtgtttatatcatgaatagtattgecttgatttttttcetaggetttttat
agtttggggtttttcatttaagtctctaatccatctggagttaattttggataaggtataaggaaggagtccagtt
tcatttttcagcatatggctagccagttctececcccatcatttattaaattgaaaatecctttecccattgettgett
ttgtcaggtttctaaaagaccagatggttgtaggtacaatatgcagtttcttcaagtcatataataccatctgaaa
tctcttattaattcatttecttttagtatgtatgetggtcectectectgetcactatagtgagggcaccattagecaga
gaatctgtctgtctagttcatgtaagattctcagaattaagaaaaatggatggcatatgaatgaaacttcatggat
gacatatggaatctaatatgtatttgttgaattaatgcataagatgcaacagagagaagttgacaactgcaatgat
aacctggtattgatgatataagagtctatagatcacagtagaagcaataatcatggaaaacaattggaaatgggga
acagccacaaacaagaaagaatcaatacttccaggaaagtgactgcaggtcacttttectggagcgggtgagagaa
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aagtggaagttagcagtaactgctgaattcctggttggectgatggaaagatggggcagetgttcactggtacgeag
ggttttagatgtatgtacctaaggatatgaggtatggcaatgaacagaaattcttttgggaatgagttttagggee
attaaaggacatgacctgaagtttcctctgaggccagtcececccacaactcaatataaatgtgtttectgecatatagt
caaagttgccacttctttttecttcatatcatcgatectetgetecttaaagataatecttggttttgectcaaactgtt
tgtcactacaaactttccccatgttectaagtaaaacaggtaactgectectcaactatatcaagtagactaaaata
ttgtgtctctaatatcagaaattcagctttaatatattgggtttaactctttgaaatttagagtcteccttgaaata
cacatgggggtgatttcctaaactttatttcttgtaaggatttatctcaggggtaacacacaaaccagcatcctga
acctctaagtatgaggacagtaagccttaagaatataaaataaactgttcecttctectetgecggtggaagtgtgece
tgtctattcctgaaattgettgtttgagacgcatgagacgtgcagcacatgagacacgtgcagecagectgtggaat
attgtcagtgaagaatgtctttgcctgattagatataaagacaagttaaacacagcattagactatagatcaagcecc
tgtgccagacacaaatgacctaatgcecccagcacgggccacggaatctectatectettgettgaacagagcagecac
acttctccecccaacactattagatgttctggcataattttgtagatatgtaggatttgacatggactattgttcaa
tgattcagaggaaatctcecctttgttcagataagtacactgactactaaatggattaaaaaacacagtaataaaacc
cagttttcccecttacttecctagtttgtttecttattectgetttettccaagttgatgetggatagaggtgtttatt
tctattctaaaaagtgatgaaattggecgggegeggtggcectcacacctgtaateccagecactttgggaggetgagyg
tgggcggatcacgaggtcaggagatcaagaccatcecctggectaacatggtgaaaccccatetcectactaaaaatacaa
aaaattagccagagacagtggecgggtgectgtagteccagetactegggaggectgaggcaggagaatggegtgaac
ctgggaggcagagcttgeggtgagcagagatcgegecactgcecacactecagectgggtgacaaagecgagacteeat
ctcaaaaaaaaaaaaaaaaaaaagaaaaagaaagaaagaaagaaaaaaaaactgatgaaattgtgtattcaatgta
gtctcaagagaattgaaaaccaagaaaggctgtggcttcecttceccacataaagectggatgaataacaggataacacg
ttgttacattgtcacaactcecctgatccaggaattgatggectaagatattegtaattcttatecttttcagttgtaa
cttattcctatttgtcagcattcaggttattageggctgetggecgaagtecttgagaaataaactgcacactggat
ggtgggggtagtgtaggaaaatggaggggaaggaagtaaagtttcaaattaagecctgaacagcaaagttccectga
gaaggccacctggattctatcagaaactcgaatgtccatcttgcaaaacttecttgeccaaaccccaccectggag
tcacaacccacccttgaccaatagattcattttactgagggaggcaaagggctggtcaatagattcatttcactgg
gagaggcaaagggctgggggccagagaggagaagtaaaaagccacacatgaagcagcaatgcaggcatgecttctgg
ctcatctgtgatcaccaggaaactcccagatctgacactgtagtgcatttcactgcectgacaagaaggctgctgeca
ccagcctgtgaagcaaggttaaggtgagaaggctggaggtgagattctgggcaggtaggtactggaagecgggaca
aggtgcagaaaggcagaaagtgtttctgaaagagggattagcccgttgtcttacatagtctgactttgcacctgcet
ctgtgattatgactatcccacagtctcecctggttgtctacccatggacctagaggtactttgaaagttttggatatce
tgggctctgactgtgcaataatgggcaaccccaaagtcaaggcacatggcaagaaggtgctgatctecttecggaaa
agctgttatgctcacggatgacctcaaaggcacctttgctacactgagtgacctgecactgtaacaagetgcacgtyg
gaccctgagaacttcctggtgagtagtaagtacactcacgetttcttcectttacececttagatatttgcactatgggt
acttttgaaagcagaggtggctttctcecttgtgttatgagtcagectatgggatatgatatttcagecagtgggatttt
gagagttatgttgectgtaaataacataactaaaatttggtagagcaaggactatgaataatggaaggccacttace
atttgatagctctgaaaaacacatcttataaaaaattctggeccaaaatcaaactgagtgtttttggatgagggaac
agaagttgagatagagaaaataacatctttectttggtcagegaaattttctataaaaattaatagtcacttttet
gcatagtcectggaggttagaaaaagatcaactgaacaaagtagtgggaagetgttaaaaagaggattgttteccte
cgaatgatgatggtatacttttgtacgcatggtacaggattctttgttatgagtgtttgggaaaattgtatgtatg
tatgtatgtatgtatgtgatgactggggacttatcctatccattactgttcecttgaagtactattatectactttt
taaaaggacgaagtctctaaaaaaaaaatgaaacaatcacaatatgttggggtagtgagttggcatagecaagtaag
agaaggataggacacaatgggaggtgcagggctgeccagtcatattgaagetgatatctageccataatggtgagag
ttgctcaaactctggtgaaaaaggatgtaagtgttatatctatttactgcaagtccagettgaggeccttctattea
ctatgtaccattttcttttttatcttcactcecctecccagetecttaggcaacgtgatattgattgttttggcaace
cacttcagcgaggattttaccctacagatacaggcttcttggcagtaactaacaaatgctgtggttaatgctgtag
cccacaagaccactgagttccectgteccactatgtttgtacctatggteccactatgtttgtacctatgtecccaaaat
ctcatctcctttagatgggggaggttggggagaagagcagtatecctgectgctgattcagttcctgcatgataaaa
atagaataaagaaatatgctctctaagaaatatcattgtactctttttctgtctttatattttaccctgattcagce
caaaaggacgcactatttctgatggaaatgagaatgttggagaatgggagtttaaggacagagaagatactttett
gcaatcctgcaagaaaagagagaactcgtgggtggatttagtggggtagttactectaggaaggggaaategtcte
tagaataagacaatgtttttacagaaagggaggtcaatggaggtactctttggaggtgtaagaggattgttggtag
tgtgtagaggtatgttaggactcaaattagaagttctgtataggctattatttgtatgaaactcaggatatagecte
atttggtgactgcagttcacttctacttattttaaacaacatattttttattatttataatgaagtggggatgggg
cttcctagagaccaatcaagggccaaaccttgaactttcetettaacgtettcaatggtattaatagagaattatet
ctaaggcatgtgaactggctgtecttggttttcatctgtacttecatectgetacectetgtgacctgaaacatatttat
aattccattaagetgtgcatatgatagatttatcatatgtattttecttaaaggatttttgtaagaactaattgaa
ttgatacctgtaaagtctttatcacactacccaataaataataaatcectetttgttcagetcectetgtttetataaat
atgtacaagttttattgtttttagtggtagtgattttattctctttctatatatatacacacacatgtgtgecatte
ataaatatatacaatttttatgaataaaaaattattagcaatcaatattgaaaaccactgatttttgtttatgtga
gcaaacagcagattaaaaggctgagatttaggaaacagcacgttaagtcaagttgatagaggagaatatggacatt
taaaagaggcaggatgatataaaattagggaaactggatgcagagaccagatgaagtaagaaaaatagctatcecgtt
ttgagcaaaaatcactgaagtttcttgcatatgagagtgacataataaatagggaaacgtagaaaattgattcaca
tgtatatatatatatagaactgattagacaaagtctaacttgggtatagtcagaggagcttgctgtaattatattg
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aggtgatggataaagaactgaagttgatggaaacaatgaagttaagaaaaaaaatcgagtaagagaccattgtgge
agtgattgcacagaactggaaaacattgtgaaacagagagtcagagatgacagctaaaatccctgtectgtgaatga
aaagaaggaaatttattgacagaacagcaaatgcctacaagcecccectgtttggatectggecaatgaacgtageecatt
ctgtggcaatcacttcaaactcctgtacccaagacccttaggaagtatgtagecaccctcaaacctaaaacctcaaa
gaaagaggttttagaagatataataccctttcttctceccagtttcattaatceccaaaacctetttctcaaagtattt
cctctatgtgtccaccccaaagagctcacctcaccatatctecttgagtgggagecacatagataggeggtgetacca
tctaacagcttctgaaattcecctttgtcatatttttgagtccccactaataacccacaaagcagaataaataccagt
tgctcatgtacaataatcactcaactgctgtcttgtagcatacattaattaagcacattectttgaataattactgt
gtccaaacaatcacactttaaaatctcacacttgtgctatecccttgeccttectgaatgtcactectgtattttaaat
gaagagatgagggttgaatttcctgtgttacttattgttcatttctcgatgaggagttttcacattcacctttagt
ggaaaacacataagtacacatcttacaggaaaaatataccaaactgacatgtagcatgaatgcttgtgcatgtagt
catataaaatcttgtagcaatgtaaacattctctgatatacacatacagatgtgtctatatgtctacacaatttcet
tatgctccatgaacaaacattccatgcacacataagaacacacactgttacagatgcatacttgagtgcattgaca
aaattaccccagtcaatctagagaatttggatttctgcatttgactctgttagetttgtacatgetgttcatttac
tctgggtgatgtectttecectecattttgecttgtectatettgtactcatactttaagtectaacttatatgttatet
caactaagaagctatttttttttaattttaactgggecttaaagecctgtectataaactetgetacaattatggget
ctttcttataatatttagtgtttttectactaatgtacttaatectgetcattgtatattectaccactaaatttta
acctcttttatggtagagacattgtcecttgtaaactettatttecectagtatttggagatgaaaaaaaagattaaat
tatccaaaattagatctctettttctacattatgagtattacactateccatagagaagtttgtttgagacctaaac
tgaggaacctttggttctaaaatgactatgtgatatcttagtatttataggtcatgaggttcecttcectetgectet
gctatagtttgattagtcaacaagcatgtgtcatgcatttattcacatcagaatttcatacactaataagacatag
tatcagaagtcagtttattagttatatcagttagggtccatcaaggaaaggacaaaccattatcagttactcaace
tagaattaaatacagctcttaatagttaattatceccttgtattggaagagctaaaatatcaaataaaggacagtgea
gaaatctagatgttagtaacatcagaaaacctcttececgeccattaggectagaagggcagaaggagaaaatgtttat
accaccagagtccagaaccagagcccataaccagaggtccactggattcagtgagectagtgggtgetecttggaga
gagccagaactgtctaatgggggcatcaaagtatcagccataaaaaaccataaaaaagactgtctgctgtaggaga
tccgttcagagagagagagagaccagaaataatcttgettatgettteectcageccagtgtttaccattgcagaat
gtacatgcgactgaaagggtgaggaaacctgggaaatgtcagttcctcaaatacagagaacactgagggaaggaty
agaaataaatgtgaaagcagacatgaatggtaattgacagaaggaaactaggatgtgtccagtaaatgaataatta
cagtgtgcagtgattattgcaatgattaatgtattgataagataatatgaaaacacagaattcaaacagcagtgaa
ctgagattagaattgtggagagcactggcatttaagaatgtcacacttagaatgtgtctctaggcattgttctgty
catatatcatctcaatattcattatctgaaaattatgaattaggtacaaagctcaaataatttattttttcaggtt
agcaagaactttttttttttttttctgagatagagcattgctatggttgecccaggetggagtgcaatggcatgate
caggctcactgcaacatctgectcccaggttcaagegattctectgectcagecteccaagtagetggecactacag
gcatgtgccaccaccatgcectggctaattttectatttttagtagatagggggtttcaccatgttggtcaggetgat
ctcgaactcectaacatcaggtgatccaccctecteggectetgaaagtgetgggatcacaggegtgagecaccaca
cccagccaagaatgtgaattttgtagaaggatataacccatatttctetgaccectagagtecttagtatacctecee
ataccatgtggctcatcctecttacatacatttecccatetttcacecctacetttteetttttgtttecagettttea
ctgtgtcaaaatctagaaccttatctectacctgetcectgaaaccaacagcaagttgacttceccattctaacccacat
tggcattacactaattaaaatcgatactgagttctaaaatcatcggggattttggggactatgtcttacttcatac
ttccttgagatttcacattaaatgttggtgttcattaaaggtecttcatttaactttgtattcatcacactettgg
attcacagttatatctaaactcttaaatacagcctgtataatcccaattcecccaactetgatttctaacctetgace
tccaacctcagtgccaaacccatatatcaaacaatgtactgggcttatttatatagatgtcectataggecacctecag
actcagcatgggtatttcacttgttatactaaaactgtttctcttccagtgttttccattttagtcattagatage
tacttgcccattcaccaaggtcacagattaaaatcatttccctacctctaatcaacagttcgattctgettcaatt
tgtccctatctattaatcaccactcecttactgeccagtcaggtectcattgtttectgaacaagagtagatgectatt
ctttccacttttagaccttatcctggctggatgecggtggectcaggcttgtaaacccagecactttgggaggccaagy
caggcagatcacttgaggtcaggagttcaagaccagcctgaccaacatggtgaaaccccatctctactaaaaatac
aaaatcagccgggcgtgtggtgcatgectgcagtecccagetattcaggtggctgaggcaggagaattgettgaacce
caggaggcagaggttgcggtgagectagattgcaccattgcactctagettgggcaatagggatgaaactceccatcet
cagaagagaaaagaaaaaaagaccttattctgttatacaaatcctctcaatgcaatccatatagaataaacatgta
accagatctcccaatgtgtaaaatcatttcaggtagaacagaattaaagtgaaaagccaagtctttggaattaaca
gacaaagatcaaataacagtcctcatggecttaagaatttacctaacattttttttagaatcaattttcecttatata
tgaattggaaacataattcctceccctcacaaacacattctaagattttaaggagatattgatgaagtacatcatcetg
tcatttttaacaggtagtggtagtgattcacacagcacattatgatctgttecttgtatgttetgttccattctgta
ttcttgacctggttgtattetttctgagectccagatecacatatctaagtacatetttttgeattttacaagagtyg
catacaatacaatgtatccaagactgtatttctgattttatecgtaccactaaactcacaaatgtggeccecctattett
gtgttcacgactgacatcaccgtcatggtccaagtctgataatagaaatggecattgtcactttettecctactgea
acagaagcccagetatttgtcectcccattttectcectacttctaaaatacatttettcactaagtgagaataatetttt
aaagacacaaatcaaaccatgccaccacctttcttgaattattcaatatctttegttggettecaggttacagaaa
aataacttgtaacaaagtttaaaggtcattcatggctcecctctctaccctattttataacattteccettgtgateca
gaatctcaggcacatcatccatctttctatatacaaataaagtcatatagtttgaactcacctctggttactttta
atcaaccaaatgctgtaaaatgcatttgtatcgctacgtgttaagcagtagttgattcttttcatttetgtgtaat
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attctattctttgactataccgtaatttatcaattctactgttggtaagcatttaagtggectaccggtttgaggtt
tttatgattattgctgtcataagcatttctatacatgtectttggatacacacatgecatgtgtttctgaatatctaa
aaatgtaattgctaggtaatagacttatcaagcatccagcatttgtggatactattaaaggttttccaaaggggtt
atactattgtacagtgtcaccaacagagtttgagtttctattgatccatatcaccaccaaaatttgaactgtecagt
cttatctcttctettgtcectettttttectettttttttectteccttecectetettegtttettttetetectet
tctcttetttectectettecctteectttectectttectettecectatececttctectectectetececctectttttt
ctcctctectcteccattatttatttttecttettectectecatececcttecatectetetettececctettecttee
ttcctttectccatttettectectetttecttcaatecttecttttggatatgetcatgggtgtgtatttgtectge
cattgtggcattatttgaattcagaaaagagtgaaaaactactgggatcttcattcctgggtctaattccacattt
ttttttaagaacacatctgtaaaaatgttctgtactagcatattcccaggaacttcgttaaatttaatctggctga
atatggtaaatctacttttcactttgcattctttctttagtcataccataattttaaacattcaaaatatttgtat
ataatatttgattttatctgtcattaaaatgttaaccttaaaattcatgtttccagaacctatttcaataactggt
aaataaacactattcattttttaaatattcttttaatggatatttatttcaatataataaaaaattagagttttat
tataggaagaatttaccaaaagaaggaggaagcaagcaagtttaaactgcagcaatagatttgtccattceccaacct
ctcaaaattcccttggagacaaaaatctctagaggcaaagaagaactttatattgagtcaacttgttaaaacatcet
gecttttagataagttttettagtataaagtgacagaaacaaataagttaaactctaagatacattccactatatta
gcctaaaacacttctgcaaaaatgaaactaggaggatatttttagaaacaactgetgaaagagatgeggtggggag
atatgtagaggagaacagggtttctgagtcaagacacacatgacagaacagecaatctcagggcaagttaagggaa
tagtggaatgaaggttcatttttcattctcacaaactaatgaaacccectgettatcettaaaccaacctgetecactgg
agcagggaggacaggaccagcataaaaggcagggcagagtcecgactgttgettacactttettetgacataacagtyg
ttcactagcaacctcaaacagacaccatggtgcatctgactectgaggagaagactgcetgtcaatgecctgtgggg
caaagtgaacgtggatgcagttggtggtgaggccctgggcaggttggtatcaaggttataagagaggcectcaaggag
gcaaatggaaactgggcatgtgtagacagagaagactcttgggtttctgataggecactgactcetectgteeccttggg
ctgttttecctaccectcagattactggtggtctaceccttggacccagaggttetttgagtectttggggatetgtec
tctectgatgectgttatgggcaaccctaaggtgaaggctcatggcaagaaggtgctaggtgectttagtgatggece
tggctcacctggacaacctcaagggcactttttctcagectgagtgagectgcactgtgacaagectgcacgtggatec
tgagaacttcagggtgagtccaggagatgcttcacttttctectttttactttctaatcttacattttggttctttt
acctacctgctcttctcceccacatttttgtcattttactatattttatcatttaatgecttctaaaattttgttaatt
ttttatttaaatattctgcattttttccttecctcacaatcttgectattttaaattatttaatatcctgtetttetce
tcccaaccceecteeccttecatttttecttetctaacaacaactcaaattatgecataccagetetcacctgctaatte
tgcacttagaataatccttttgtctcteccacatgggtatgggagaggectccaactcaaagatgagaggcatagaat
actgttttagaggctataaatcattttacaataaggaataattggaattttataaattctgtagtaaatggaatgg
aaaggaaagtgaatatttgattatgaaagactaggcagttacactggaggtggggcagaagtcgttgctaggagac
agcccatcatcacactgattaatcaattaatttgtatctattaatctgtttatagtaattaatttgtatatgetat
atacacatacaaaattaaaactaatttggaattaatttgtatatagtattatacagecatatatagcatatatgtac
atatatagactacatgctagttaagtacatagaggatgtgtgtgtatagatatatgttatatgtatgcattcatat
atgtacttatttatgctgatgggaataacctggggatcagttttgtctaagatttgggecagaaaaaaatgggtgtt
ggctcagtttctcagaagecagtctttatttctetgttaaccatatgecatgtatectgectacctettetecgeage
tcttgggcaatgtgectggtgtgtgtgectggeccgecaactttggcaaggaattcaccccacaaatgcaggetgecta
tcagaaggtggtggctggtgtggctaatgecctggectcacaagtaccattgagatcctggactgtttectgataac
cataagaagaccctatttceccectagattcectattttetgaacttgggaacacaatgectacttcaagggtatggette
tgcctaataaagaatgttcagctcaacttectgattaatttcacttatttcatttttttgtccaggtgtgtaagaa
ggttcctgaggctctacagatagggagcacttgtttattttacaaagagtacatgggaaaagagaaaagcaaggga
accgtacaaggcattaatgggtgacacttctacctccaaagagcagaaattatcaagaactcttgatacaaagata
atactggcactgcagaggttctagggaagacctcaaccctaagacatagcctcaagggtaatgctacgattaaact
ccaacaattactgagaaaataatgtgctcaattaaaggcataatgattactcaagacaatgttatgttgtctttct
Lcctecttectttgectgcacattgtagecccataatactataccccatcaagtgttcctgetccaagaaatagett
cctcctcecttacttgecccagaacatectctgtaaagaatttectettatecttecccatatttcagtcaagattcattyg
ctcacgtattacttgtgacctctcttgaccccageccacaataaacttctctatactacccaaaaaatctttccaaa
ccctececccacaccattttttatatttttatatttttettatttatttecatgcacacacacacactececgtgettta
taagcaattctgcctattctctaccttettacatgectactgtgectcatattaaattcatcaatgggcagaaaga
aaatatttattcaagaaaacagtgaatgaatgaacgaatgagtaaatgagtaaatgaaggaatgattattecttge
tttagaacttctggaattagaggacaatattaataataccatcgcacagtgtttetttgttgttaatgectacaaca
tacaaagaggaagcatgcagtaaacaaccgaacagttatttectttcectgatcataggagtaatatttttttecttg
agcaccatttttgccataggtaaaattagaaggatttttagaactttectcagttgtatacatttttaaaaatetgt
attatatgcatgttgattaattttaaacttacttgaatacctaaacagaatctgttgtttecttgtgtttgaaagt
gctttcacagtaactctgtcectgtactgeccagaatatactgacaatgtgttatagttaactgttttgatcacaacat
tttgaattgactggcagcagaagctcttttatatccatgtgttttecttaagtcattatacatagtaggcactgag
aactctttatatctgaataagatatttaggaaccactggtttacatatcagaagcagagectactcagggecattttg
gggaagatcactttcacattcctgagcatagggaagttctcataagagtaagatattaaaaggagatacttgtgtyg
gtattcgaaagacagtaagagagattgtagaccttatgatcttgatagggaaaacaaactacattcctttctecaa
aagtcaaaaaaaaagagcaaatatagcttactataccttctattcectacaccattagaagtagtcagtgagtectag
gcaagatgttggccctaaaaatccaaataccagagaattcatgagaacatcacctggatgggacatgtgeccgagea
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cacacaattactatatgctaggcattgctatcttcatattgaagatgaggaggtcaagagatgaaaaaagacttgg
caccttgttgttatattaaaattatttgttagagtagagettttgtaagagtctaggagtgtgggagectaaatgat
gatacacatggacacaaaaaatagatcaacagacacccaggcectacttgagggttgagggtgggaagagggagacyg
atgaaaaagaacctattgggtattaagttcatcactgagtgatgaaataatctgtacatcaagacccagtgatatg
caatttacctatataacttgtacatgtacccccaaatttaaaatgaaagttaaaacaaagtataggaatggaatta
attcctcaagatttggctttaattttatttgataatttatcaaatggttgtttttcttttectcactatggegttge
tttataaactatgttcagtatgtctgaatgaaagggtgtgtgtgtgtgtgaaagagagggagagaggaagggaaga
gaggacgtaataatgtgaatttgagttcatgaaaatttttcaataaaataatttaatgtcaggagaattaagecta
atagtctcctaaatcatccatctecttgagettcagagcagtectctgaattaatgectacatgtttgtaaagggty
ttcagactgaagccaagattctacctctaaagagatgcaatctcaaatttatctgaagactgtacctctgctctece
ataaattgacaccatggcccacttaatgaggttaaaaaaaagctaattctgaatgaaaatctgagcccagtggagg
aaatattaatgaacaaggtgcagactgaaatataaatttttctgtaataattatgcatatactttagcaaagttct
gtctatgttgactttattgctttttggtaagaaatacaactttttaaagtgaactaaactatcctatttccaaact
attttgtgtgtgtgcggtttgtttctatgggttctggttttecttggagcatttttatttcattttaattaattaat
tctgagagectgctgagttgtgtttactgagagattgtgtatctgcgagagaagtectgtagcaagtagectagactgt
gcttgacctaggaacatatacagtagattgctaaaatgtcectcacttggggaattttagactaaacagtagageatg
tataaaaatactctagtcaagtgctgcttttgaaacaaatgataaaaccacactcccatagatgagtgtcatgatt
ttcatggaggaagttaatattcatcctctaagtatacccagactagggecattetgatataaaacattaggactta
agaaagattaatagactggagtaaaggaaatggacctcectgtcetcectectegetgtetettttttgaggacttgtgtgt
gtgtgtgtgtgtgtgtgtgtgtgtgtgttgtggtcagtggggctggaataaaagtagaatagacctgcacctgetg
tggcatccattcacagagtagaagcaagctcacaatagtgaagatgtcagtaagettgaatagtttttcaggaact
ttgaatgctgatttagatttgaaactgaggctctgaccataaccaaatttgecactatttattgettettgaaactt
atttgcctggtatgecctgggettttgatggtcttagtatagettgcagecttgtecctgecagggtattatgggtaa
tagaaagaaaagtctgcgttacactctagtcacactaagtaactaccattggaaaagcaacccctgecttgaagec
aggatgatggtatctgcagcagttgccaacacaagagaaggatccatagttcatcatttaaaaaagaaaacaaaat
agaaaaaggaaaactatttctgagcataagaagttgtagggtaagtctttaagaaggtgacaatttctgccaatca
ggatttcaaagctcttgctttgacaattttggtctttcagaatactataaatataacctatattataatttcataa
agtctgtgcattttctttgacccaggatatttgcaaaagacatattcaaacttccgcagaacactttatttcacat
atacatgcctcttatatcagggatgtgaaacagggtcttgaaaactgtctaaatctaaaacaatgctaatgcaggt
ttaaatttaataaaataaaatccaaaatctaacagccaagtcaaatctgcatgttttaacatttaaaatattttaa
agacgtcttttcccaggattcaacatgtgaaatcttttctcagggatacacgtgtgectagatecctcattgettta
gttttttacagaggaatgaatataaaaagaaaatacttaaattttatccctettacctcectataatcatacatagge
ataattttttaacctaggctccagatagccatagaagaaccaaacactttctgegtgtgtgagaataatcagagtyg
agattttttcacaagtacctgatgagggttgagacaggtagaaaaagtgagagatctctatttatttagcaataat
agagaaagcatttaagagaataaagcaatggaaataagaaatttgtaaatttecttetgataactagaaatagagg
atccagtttcttttggttaacctaaattttatttcattttattgttttattttattttattttattttattttgtg
taatcgtagtttcagagtgttagagectgaaaggaagaagtaggagaaacatgcaaagtaaaagtataacactttcee
ttactaaaccgacatgggtttccaggtaggggcaggattcaggatgactgacagggeccttagggaacactgagac
cctacgctgacctcataaatgettgctacctttgetgttttaattacatettttaatagecaggaagcagaactetg
cacttcaaaagtttttcectcacctgaggagttaatttagtacaaggggaaaaagtacagggggatgggagaaagge
gatcacgttgggaagctatagagaaagaagagtaaattttagtaaaggaggtttaaacaaacaaaatataaagaga
aataggaacttgaatcaaggaaatgattttaaaacgcagtattcttagtggactagaggaaaaaaataatctgage
caagtagaagaccttttceccectectaccectactttectaagtcacagaggetttttgtteccccagacactettge
agattagtccaggcagaaacagttagatgtccccagttaacctcectatttgacaccactgattaccccattgatag
tcacactttgggttgtaagtgactttttatttatttgtatttttgactgcattaagaggtctctagttttttatect
cttgtttcccaaaacctaataagtaactaatgcacagagcacattgatttgtatttattctatttttagacataat
ttattagcatgcatgagcaaattaagaaaaacaacaacaaatgaatgcatatatatgtatatgtatgtgtgtatat
atacacacatatatatatatattttttcttttcttaccagaaggttttaatccaaataaggagaagatatgcttag
aaccgaggtagagttttcatccattctgtecctgtaagtattttgcatattctggagacgcaggaagagatccatct
acatatcccaaagctgaattatggtagacaaaactcttccacttttagtgcatcaacttcttatttgtgtaataag
aaaattgggaaaacgatcttcaatatgcttaccaagctgtgattccaaatattacgtaaatacacttgcaaaggag
gatgtttttagtagcaatttgtactgatggtatggggccaagagatatatcttagagggagggctgagggtttgaa
gtccaactcctaageccagtgeccagaagageccaaggacaggtacggectgtecatcacttagacctecacecctgtggage
cacaccctagggttggccaatctactecccaggagcagggagggcaggagecagggcectgggecataaaagtcagggea
gagccatctattgettacatttgettectgacacaactgtgttcactagecaacctecaaacagacaccatggtgeate
tgactcctgaggagaagtctgecgttactgeecctgtggggcaaggtgaacgtggatgaagttggtggtgaggeect
gggcaggttggtatcaaggttacaagacaggtttaaggagaccaatagaaactgggcatgtggagacagagaagac
tcttgggtttctgataggcactgactctectectgectattggtectatttteccacecttaggetgetggtggtectac
ccttggacccagaggttectttgagtectttggggatectgtecactectgatgetgttatgggcaaccctaaggtga
aggctcatggcaagaaagtgctcggtgectttagtgatggectggectcacctggacaacctcaagggecacctttge
cacactgagtgagctgcactgtgacaagctgcacgtggatcctgagaacttcagggtgagtctatgggacgettga
tgttttctttceccecttettttectatggttaagttcatgtcataggaaggggataagtaacagggtacagtttagaa
tgggaaacagacgaatgattgcatcagtgtggaagtctcaggatcgttttagtttcttttatttgetgttcataac
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aattgttttcttttgtttaattcttgectttctttttttttettctecgecaatttttactattatacttaatgectt
aacattgtgtataacaaaaggaaatatctctgagatacattaagtaacttaaaaaaaaactttacacagtcectgecet
agtacattactatttggaatatatgtgtgcttatttgcatattcataatctecctactttattttettttattttt
aattgatacataatcattatacatatttatgggttaaagtgtaatgttttaatatgtgtacacatattgaccaaat
cagggtaattttgcatttgtaattttaaaaaatgctttcttecttttaatatacttttttgtttatcttatttctaa
tactttccctaatctctttectttcagggcaataatgatacaatgtatcatgectectttgcaccattctaaagaata
acagtgataatttctgggttaaggcaatagcaatatctctgcatataaatatttctgcatataaattgtaactgat
gtaagaggtttcatattgctaatagcagctacaatccagectaccattctgettttattttatggttgggataagge
tggattattctgagtccaagectaggeecttttgectaatcatgttcatacctettatecttccteeccacagetectygyg
gcaacgtgctggtctgtgtgctggecccatcactttggcaaagaattcaccccaccagtgcaggectgectatcagaa
agtggtggctggtgtggctaatgccctggecccacaagtatcactaagectegetttettgectgtccaatttctatta
aaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggecttgagecatctggattetgee
taataaaaaacatttattttcattgcaatgatgtatttaaattatttctgaatattttactaaaaagggaatgtgg
gaggtcagtgcatttaaaacataaagaaatgaagagctagttcaaaccttgggaaaatacactatatcttaaacte
catgaaagaaggtgaggctgcaaacagctaatgcacattggcaacageccctgatgeatatgecttattecateecet
cagaaaaggattcaagtagaggcttgatttggaggttaaagttttgetatgetgtattttacattacttattgttt
tagctgtectcatgaatgtettttcactacccatttgettatectgeatectetecagecttgacteccactcagttet
cttgcttagagataccaccttteccectgaagtgttecttecatgttttacggegagatggtttetcecctegectgge
cactcagcecttagttgtcectcetgttgtecttatagaggtcectacttgaagaaggaaaaacaggggtcatggtttgactyg
tcctgtgagecocttettecctgectececcactcacagtgaceccggaatetgecagtgetagtetececggaactate
actctttcacagtctgcectttggaaggactgggcttagtatgaaaagttaggactgagaagaatttgaaaggegget
ttttgtagcttgatattcactactgtcttattacecctgtcataggecccaccccaaatggaagteccattettecte
aggatgtttaagattagcattcaggaagagatcagaggtctgectggceteeccttatcatgteecttatggtgettct
ggctctgcagttattagcatagtgttaccatcaaccaccttaacttcatttttcttattcaatacctaggtaggta
gatgctagattctggaaataaaatatgagtctcaagtggtcecttgtectcectectcececcagtcaaattctgaatctagt
tggcaagattctgaaatcaaggcatataatcagtaataagtgatgatagaagggtatatagaagaattttattata
tgagagggtgaaaccctcaaaatgaaatgaaatcagacccttgtcttacaccataaacaaaaataaatttgaatgg
gttaaagaattaaactaagacctaaaaccataaaaatttttaaagaaatcaaaagaagaaaattctaatattcacyg
ttgcagccgttttttgaatttgatatgagaagcaaaggcaacaaaaggaaaaataaagaagtgaggctacatcaaa
ctaaaaaatttccacacaaaaaacaaaacaatgaacaaatgaaaggtgaaccatgaaatggcatatttgcaaacca
aatatttcttaaatattttggttaatatccaaaatatataagaaacacagatgattcaataacaaacaaaaaatta
aaaataggaaaataaaaaaattaaaaagaagaaaatcctgceccatttatggcagaattgatgaacctggaggatgta
aaactaagaaaaataagcctgacacaaaaagacaaatactacacaaccttgctcatatgtgaaacataaaaaagtce
actctcatggaaacagacagtagaggtatggtttccaggggttgggggtgggagaatcaggaaactattactcaaa
gggtataaaatttcagttatgtgggatgaataaattctagatatctaatgtacagecategtgactgtagttaattg
tactgtaagtatatttaaaatttgcaaagagagtagatttttttttttttttagatggagttttgectettgttgte
caggctggagtgcaatggcaagatcttggectcactgecaacctecgectectgggttcaagecaaatctectgectea
gcctcececcgagtagetgggattacaggecatgegacaccatgeccagetaattttgtatttttagtagagacggggtt
tctccatgttggtcaggetgatccgectgecteggecacccaaagggetgggattacaggegtgageccaccgggec
tggccgagagtagatcttaaaagcatttaccacaagaaaaaggtaactatgtgagataatgggtatgttaattage
ttgattgtggtaatcatttcacaaggtatacatatattaaaacatcatgttgtacaccttaaatatatacaatttt
tatttgtgaatgatacctcaataaagttgaagaataataaaaaagaatagacatcacatgaattaaaaaactaaaa
aataaaaaaatgcatcttgatgattagaattgcattcttgatttttcagatacaaatatccatttgactgtttact
cttttccaaaacaatacaataaattttagcactttatcttcattttccecttecccaatctataattatatatatat
atattttagatattttgtatagttttactccctagattttctagtgttattattaaatagtgaagaaatgtttaca
cttatgtacaaaatgttttgcatgcttttcttcatttctaacattctctctaagtttattctatttttttctgatt
atccttaatattatctctttctgctggaaatacattgttacttttggtttatctaaaaatggecttcattttcttca
ttctaaaatcatgttaaattaataccactcatgtgtaagtaagatagtggaataaatagaaatccaaaaactaaat
ctcactaaaatataataatgtgatatataaaaatatagcttttaaatttagecttggaaataaaaaacaaacagtaa
ttgaacaactatactttttgaaaagagtaaagtgaaatgcttaactgcatataccacaatcgattacacaattagg
tgtgaaggtaaaattcagtcacgaaaaaactagaataaaaatatgggaagacatgtatataatcttagagataaca
ctgttatttaattatcaacccaaagtagaaactatcaagggagaaataaattcagtcaacaataaaagcatttaag
aagttattctaggctgggageggtggctcacacctgcaattgecagcactttgggaggectagacaggeggatcacyg
acgtcaggagttcaagatcagectggccaacatagtgaaacctcatecgetactaaaaatataaaaacttagectgg
cotggtggcaggcatgtgtaatcccagcaatttgggaggetgaggcaggagaatecgettgatecctgggaggcagag
gttgcagtgagccaagattgtgccactgecattccageccaggtgacagecatgagactecgtcacaaaaaaaaaaga
aaaaaaaaaggggggggggagecggtggageccaagatgaccgaataggaacageteccagtetatageteccategtyg
agtgacgcagaagacgggtgatttctgcatttccaactgaggtaccaggttcatectcacagggaagtgccaggecag
tgggtgcaggacagtaggtgcagtgcactgtgcatgageccaaagcagggcgaggcatcacctcaccecgggaageac
aaggggtcagggaattceccectttectagtcaaagaaaagggtgacagatggcacctggaaaategggtcacteecge
cctaatactgcgctcecttccaacaagcttaacaaatggcacaccaggagattatatcccatgectggetcagagggt
cctacgcecccatggagectegetcattgetagecacagecagtetgaggtcaaactgecaaggtggecagtgaggetgggyg
gaggggtgcccaccattgtccaggcttgagcaggtaaacaaagecgectggaagcetecgaactgggtggageccacce
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acagctcaaggaggcectgectgectectgtaggetcecacctetaggggcagggcacagacaaacaaaagacaacaag
aacctctgcagacttaaatgtccctgtctgacagetttgaagagagtagtggttcecteccagecacatagettcagat
ctgagaacaggcagactgectectcaagtgggtececctgacceccgagtagectaactgggaggcatecceccagtag
gggcagactgacacctcacatggctggtactcctctaagacaaaacttccagaggaatgatcaggcagecageattt
gcggttcaccaatatccactgttctgcageccaccgectgttgatacccaggaaaacagettetggagtggaccteea
gtaaactccaacagacctgcagctgagggtcctgactgttagaaggaaaactaacaaacagaaaggacatccacac
caaaaacccatctgtacatcgccatcatcaaagaccaaaggtagataaaaccataaagatggggaaaaagcagagce
agaaaaactggacactctaaaaatgagagtgcctctcecctectccaaagtaacgcagetcecctcaccagcaatggaac
aaagctgggcagagaatgactttgacgagttgagagaggaaggcttcagaagatcaaactactccaagctaaagga
ggaagttcgaacaaacggcaaagaagtaaaaaactttgaaaaaaaattagatgaatggataactagaataaccaat
gcacagaagtccttaaaggacctgatggagctgaaaaccaaggcaggagaactacgtgacaaatacacaagcectca
gtaaccgatgagatcaactggaagaaagggtatcaatgacgaaagatgaaatgaatgaaatgaagcatgaagagaa
gtttagagaaaaaagaataaaaagaaacgaacaaagcctccaagaaatatgggactatgtgaaaagaccaaatcta
catctaattggtgtagctgaaagtgatggggagaatggaaccaagttggaaaacactctgcaggatattatccagg
agaacttccccaatctagcaaggcaageccaaattcacattcaggaaatacagagaacgcecacaaagatactecta
gagaaaagcaactccaagacacataactgtcagattcaccaaagttgaaatgaaggaaaaaatgttaagggcagee
agagagaaaggtecgggttacccacaaagggaagecccatcagactaacagetgatetatcggecagaaactcectacaag
ccagaagaaagtgggggccaatattcaacattgttaaagaaaagaattttcaacccagaatttcatateccagecaa
actaagcttcataagtgaaggagaaataaaatcctttacagacaagcaaatgectgagagattttgtcaccaccagg
cctgccectacaagagcetectgaaggaagcactaaacatggaaaggaacaactagtatcagecactgcaaaaacatg
ccaaattgtaaagaccatcaaggctaggaagaaactgcatcaacgagcaaaataaccagcectaacatcataatgaca
ggatcaaattcatacataacaatactcaccttaaatgtaaataggctaaatgctceccaattaaaagacacagactgg
caaattggataaggagtcaagacccatctgtgttctgtattcaggaaacccatectcacgtgcagagacacacatag
gctcgaaataaaaggatggaggaatatctaccaagcaaatggaaaacaaaaaaaggcaggggttgcaatcecctagte
tctgataaaacagattttaaaccaacaaagatcaaaagagacaaagaaggccattacataatggcaaagggatcta
ttcaagaagaagaactaactatactaaatatatatgcacccaatacaggagcacccagattcataaaacaagtcct
gagtgacctacaaagagacttagatgcccacacaataataatgggagactttaacaccccactgtcaacattagac
agatcaacgagacagaaagttaacaaggatatccaggaattggactcagctctgcaccaagcagacctaatagaca
tctacagaactctccaccccaaatcaacagaatatacattcttttcagcaccacaccacacctattccaaaactga
ccacatagttggaagtaaagctctcctcagcaaatgtaaaagaacagaaactataacaaactgtctctcagaccac
agtgcaatcaaactagaactcaggattaagaaactcactcaaaaccactcagctacatggaaactgaacagectge
tcctgaatgactactgggtacataacaaaatgaaggcagaaataaagatgttctttgaaaccaacgagaacaaaga
cacaacacaccagaatctctgagacacattcaaagcagtgtgtagagggaaatttatagcactaaatgcccacaag
ggaaagcaggaaagatctaaaattgacaccctaacatcacaattaaaaaactagagaagcaggagcaaacacatte
aaaagctaacagaagacaagaaataactaagatcagagcagaagtgaaggacatagagacacaaaaaaacccttea
aaaaaatcaatgaatccagaagctgtttttttgaaaagatcaacaaaattgatagactgctagcaagactaataaa
gaagaaaagagagaagaatcaaatagacgcaataaaaaatgacacggggtatcaccactgatcccacagaaataca
aactaccgtcagagaatactataaacacctctacgcaaataaactagaaaatctagaagaaatggataaattecte
gacacatacactctgccaagactaaaccaggaagaagttgtatctctgaatagaccaataacaggctctgaaattg
aggcaataattaatagcttatcaaccaaaaaaagtceccgggaccagtaggattcatagecgaattctaccagaggta
caaggaggagctggtaccattceccttcectgaaactattcecaatcaatagaaaaagagggaatcctecctaacteattt
tatgaggccagcatcatcctgataccaaagectgacagagacacaacaaaaaaagagaatgttacaccaatateet
tgatgaacattgatgcaaaaatcctcaataaaatactggcaaactgatccaccatgatcaagtgggettcatceceet
gccatgcaaggctggttcaacatacgaaaatcaataaacataatccagcatataaacagaaccaaagacacaaacc
atatgattatctcaatagatgcagaaaaggcctttgacaaaattcaacaacgcttcatgctaaaaactctcaataa
attaggtattgatgggacatatctcaaaataataagagctatctatgacaaacccacagccaatatcatactgagt
ggacaaaaactggaagcattccctttgaaaactggcacaaggcagggatgcecectctectcaccactcctattcaaca
tagtgttgtaagttctggccagggcaatcaggcaggagaaggaaataaagggcattcaattaggaaaagaggaagt
gaaattgtccctgtttgcagatgacatgattgtatatctagaaaaccccattgtctcagecccaaaatctecttaag
ctgataagcaacttcagcaaagtctcaggatataaaatcagtgtgcaaaaatcacaagtattcctatgcaccaata
acagacaaacagagagccaaatcatgagtgaactcccattcacaattgcttcaaagagaataaaatacctaggaat
ccaacttacaagggatgtgaaggacctcttcaaggagaactacaaaccactgctcaatgaaataaaagaggataca
aacaaatggaagaacattccatgctcatgggtaggaagaatcaatatcgtgaaaatggtcatactgeccaaggtaa
tttatagattcaatgccatccccatcaagectaccaatgactttettcacagaactggaaaaaactactttaaagtt
catatggaaccaaaaaagagcccacatcaccaaggcaatcecctaagccaaaagaacaaagetggaggecatcacgeta
cctgacttcaaactatactacaatgctacggtaaccaaaacagecatggtactggtaccaaaacagagatctagacce
aatggaacagaacagagccctcagaaataatgececgecatatctacaactatcectgatcectttgacaaacctgagagaaa
caagcaatggggaaaggattccctatttaataaatggtgetgggaaaactggectageccatatgtagaaagectgaaa
ctggatcccttceccttacaccttatacaaaaattaattcaagatggattaaagacttacatgttagacctaaaacca
taaaaaccctagaaaaaaacctaggcaataccattcaggacataggcatgggcaaggacttcatgtctaaaacacce
aaaagcaatggcaacaaaagacaaaatggacaaacgggatctaattaaactaaagagettctgcacagctaaagaa
actaccatcagagtgaacaggcaacctacaaaatgggagaaaatttttgcaatctactcatctgacaaagggectaa
tatccagaatctacaatgaactcaaacaaatttacaagaaaaaacaaacaaccccatcaaaaagtgggcaaaggat
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atgaacagacacttcgcaaaagaagacatttatgtaatcaaaaaacacatgaaaaaatgctcatcatcactageca
tcagagaaatgcaaatcaaaaccacaatgagataccatctcacaccagttagaatggcgatcattaaaaagtcagg
aaacaacaggtgctggagaggatgtggagaaacaggaacaacttttacactgttggtgggactgtaaactagttca
accattgcggaagtcagtgtggcaattcctcaggaatctagaactagaaataccatttgacccageccatcccatta
ctgggtacatacccaaaggattataaatcatgectgectataaagacacatgcacacgtatgtttattgecagecactat
tcacaatagcaaagacttggaaccaacccaaatgtccaacaacgatagactggattaagaaaatgtggcacatata
caccatggaatactatgcagccataaaaaatgatgagttcatgtcctttgtagggacatggatgaagectggaaact
atcattctcagcaaactatcacaaggagaataaaccaaacaccgcatgttctcactcataggtgggaattgaacaa
tgagaacacatggacacatgaagaggaacatcacactctggggactgttatggggtggggggcaggggcagggata
gcactaggagatatacctaatgctaaatgacgagttaatgggtgcagcacaccaacatggcacatgtatacatata
taacaaacctgcatgttgtgcacatgtaccctaaaacttgaagtataataataaaaaaaagttatcctattaaaac
tgatctcacacatccgtagagccattatcaagtectttectectttgaaatagacagaaatttagtgttttctcagtca
gttaac [SEQ ID NO:19]

[0081] Five 5 hypersensitive site (HS) sites (HS1-HS5) and one 3’ HS site have been identified in the human B-globin
LCR (Stamatoyannopoulos et al., (2001)). The 5° HSs 1-4 are Dnase | hypersensitive sites. The HS2 and HS3 elements
are the most powerful single elements within the LCR (Ellis et al., EMBO J. (1996), 15:562-568; Collis et al., EMBO J.
(1990) 9:233-240), as corroborated by many groups. Deleting HS2 in the context of BYAC in transgenic mice severely
affects HS site formation as well as expression of all of the human B-globin genes at every developmental stage (Bungert
et al., Mol. Cell Biol. (1999);19:3062-3072). It was reported that deletion of HS2 minimally reduced the expression of
the embryonic ey and phi globin genes in yolk sac-derived erythrocytes (Ley etal., Ann. N.Y. Acad. Sci. (1998);850:45-53;
Hug et al., Mol. Cell Biol. (1996);26:2906-2912). HS2 functions primarily as an enhancer.

[0082] In certain embodiments, the 3-globin LCR region comprises a HS2 region. In non-limiting example, the B-globin
LCR region comprises a HS2 region, a HS3 region, and a HS4 region. In certain embodiments, the HS2 region, HS3
region and HS4 region within the B-globin LCR region are contiguous. In one non-limiting embodiment, the -globin LCR
region consisting essentially of a HS2 region, a HS3 region and a HS4 region. In another embodiment, the B-globin LCR
region comprises two introduced GATA-1 binding sites at the junction between the HS3 region and the HS4 region. The
HS3 region can lie between the HS2 region and the HS4 region. The length and the sequence of the HS2 region can
vary. The HS2 region can have a length of from about 400 bp to about 1000 bp, e.g., from about 400 bp to about 500
bp, from about 500 bp to about 600 bp, from about 600 bp to about 700 bp, from about 700 bp to about 800 bp, from
about 800 bp to about 900 bp, or from about 900 bp to about 1000 bp. In one non-limiting embodiment, the HS2 region
has a length of 860 bp. In one non-limiting example, the HS2 region has the nucleotide sequence set forth in SEQ ID
NO:9, which is provided below:

GTATATGTGTATATATATATATATATATTCAGGAAATAATATATTCTAGAATATGTCA
CATTCTGTCTCAGGCATCCATTTTCTTTATGATGCCGTTTGAGGTGGAGTTTTAGTCAGG
TGGTCAGCTTCTCCttttttttGCCATCTGCCCTGTAAGCATCCTGCTGGGGACCCAGAT
AGGAGTCATCACTCTAGGCTGAGAACATCTGGGCACACACCCTAAGCCTCAGCATGACTC
ATCATGACTCAGCATTGCTIGTGCTTGAGCCAGAAGGTTTGCTTAGAAGGTTACACAGAAC
CAGAAGGCGGGGGTGGGGCACTGACCCCGACAGGGGCCTGGCCAGAACTGCTCATGCTTG
GACTATGGGAGGTCACTAATGGAGACACACAGAAATGTAACAGGAACTAAGGAAAAACTG
AAGCTTATTTAATCAGAGATGAGATGCTGGAAGGGATAGAGGGAGCTGAGCTTGTAAAA
AGTATAGTAATCATTCAGCAAATGGTTTTGAAGCACCTGCTGGATGCTAAACACTATTTT
CAGTGCTTGAATCATAAATAAGAATAAAACATGTATCTTATTCCCCACAAGAGTCCAAGT
AAMAAATAACAGTTAATTATAATGTGCTCTGTCCCCCAGGCTGGAGTGCAGTGGCACGAT
CTCAGCTCACTGCAACCTCCGCCTCCCGGGTTCAAGCAATTCTCCTGCCTCAGCCACCCT
AATAGCTGGGATTACAGGTGCACACCACCATGCCAGGCTAATTTTTGTACTTTTTGTAGA
GGCAGGGTATCACCATGTTGTCCAAGATGGTCTTGAACTCCTGAGCTCCAAGCAGTCCAC
CCACCTCAGCCTCCCAAAGTGCT [SEQ ID NO:9]

[0083] In certain embodiments, the HS2 region has a length of about 840 bp. In certain embodiments, the HS2 region
has a length of about 650bp (e.g., 646 bp). In certain embodiments, the HS2 region has a length of about 420bp (e.g.,
423 bp).

[0084] The length and the sequence of the HS3 region can vary. The HS3 region can have a length of from about 200
bp to about 1400 bp, e.g., from about 200 bp to about 300 bp, from about 300 bp to about 400 bp, from about 400 bp
to about 500 bp, from about 500 bp to about 600 bp, from about 600 bp to about 700 bp, from about 700 bp to about
800 bp, from about 800 bp to about 900 bp, from about 900 bp to about 1000 bp, from about 1000 bp to about 1100 bp,
from about 1100 bp to about 1200 bp, from about 1200 bp to about 1300 bp, or from about 1300 bp to about 1400 bp.
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In certain embodiments, the HS3 region has a length of about 1300 bp. In one non-limiting embodiment, the HS3 region
has a length of 1308 bp. In one non-limiting embodiment, the HS3 region has a length of 1301 bp. In one non-limiting
example, the HS3 region has the nucleotide sequence set forth in SEQ ID NO:5, which is provided below:

AAGCTTTCATTAAAAAAAGTCTAACCAGCTGCATTCGACTTTGACTGCAGCAGCTGGTTA
GAAGGTTCTACTGGAGGAGGGTCCCAGCCCATTGCTAAATTAACATCAGGCTCTGAGACT
GGCAGTATATCTCTAACAGTGGTTGATGCTATCTTCTGGAACTTGCCTGCTACATTGAGA
CCACTGACCCATACATAGGAAGCCCATAGCTCTGTCCTGAACTGTTAGGCCACTGGTCCA
GAGAGTGTGCATCTCCTTTGATCCTCATAATAACCCTATGAGATAGACACAATTATTACT
CTTACTTTATAGATGATGATCCTGAAAACATAGGAGTCAAGGCACTTGCCCCTAGCTGGG
GGTATAGGGGAGCAGTCCCATGTAGTAGTAGAATGAAAAATGCTGCTATGCTGTGCCTCC
CCCACCTTTCCCATGTCTGCCCTCTACTCATGGTCTATCTCTCCTGGCTCCTGGGAGTCA
TGGACTCCACCCAGCACCACCAACCTGACCTAACCACCTATCTGAGCCTGCCAGCCTATA
ACCCATCTGGGCCCTGATAGCTGGTGGCCAGCCCTGACCCCACCCCACCCTCCCTGGAAC
CTCTGATAGACACATCTGGCACACCAGCTCGCAAAGTCACCGTGAGGGTCTTGTIGTTTGC
TGAGTCAAAATTCCTITGAAATCCAAGTCCTTAGAGACTCCTGCTCCCAAATTTACAGTCA
TAGACTTCTTCATGGCTGTCTCCTTTATCCACAGAATGATTCCTTTIGCTTCATTGCCCCA
TCCATCTGATCCTCCTCATCAGTGCAGCACAGGGCCCATGAGCAGTAGCTGCAGAGTCTC
ACATAGGTCTGGCACTGCCTCTGACATGTCCGACCTTAGGCAAATGCTTGACTCTTCTGA

GCTCAGTCTTGTCATGGCAAAATAAAGATAATAATAGTGTTTTTTTATGGAGTTAGCGTG
AGGATGGAAAACAATAGCAAAATTGATTAGACTATAAAAGGTCTCAACAAATAGTAGTAG
ATTTTATCATCCATTAATCCTTCCCTCTCCTCTCTTACTCATCCCATCACGTATGCCTCT
TAATTTTCCCTTACCTATAATAAGAGTTATTCCTCTTATTATATTCTTCTTATAGTGATT
CTGGATATTAAAGTGGGAATGAGGGGCAGGCCACTAACGAAGAAGATGTTTCTCAAAGAA
GCCATTCTCCCCACATAGATCATCTCAGCAGGGTTCAGGAAGATAAAGGAGGATCAAGGT
CGAAGGTAGGAACTAAGGAAGAACACTGGGCAAGTGGATCC [SEQ ID NO:5]

[0085] In certain embodiments, the HS3 region has a length of about 850 bp (e.g., 845bp). In certain embodiments,
the HS3 region has a length of from about 280 bp to about 290 bp (e.g., 280bp and 287bp).

[0086] Similarly, the length and the sequence of the HS4 region can vary. The HS4 region can have a length of from
about 200 bp to about 1200 bp, e.g., from about 200 bp to about 300 bp, from about 300 bp to about 400 bp, from about
400 bp to about 500 bp, from about 500 bp to about 600 bp, from about 600 bp to about 700 bp, from about 700 bp to
about 800 bp, from about 800 bp to about 900 bp, from about 900 bp to about 1000 bp, from about 1000 bp to about
1100 bp, or from about 1100 bp to about 1200 bp.

[0087] In certain embodiments, the HS4 region has a length of about 1.0 kb or more. In certain embodiments, the HS4
region has a length of about 1.1 kb. In certain embodiments, the HS4 region has a length of about 1150 bp (e.g., 1153
bp). In one non-limiting embodiment, the HS4 region has a length of 1065 bp. In one non-limiting example, the HS4
region has the nucleotide sequence set forth in SEQ ID NO:6, which is provided below:
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TGAGCCCCITIICCICIAACIGAAAGAAGGAAAAAAAAANTGGAACCCAAAATATTCIACATA
GTTTCCATGTCACAGCCAGGGCTGGGCAGTCTCCTGTTATTTCTTTTAAAATAAATATATCAT
TTAAATGCATAAATAAGCAAACCCTGCTCGGGAATGGGAGGGAGAGTCTCTGGAGTCCACCCC
TTCTCGGCCCTGGCTCTGCAGATAGTGCTATCAAAGCCCTGACAGAGCCCTGCCCATTGCTGG
GCCTTGGAGTGAGTCAGCCTAGTAGAGAGGCAGGGCAAGCCATCTCATAGCTGCTGAGTGGGA
GAGAGAAAAGGGCTCATTGTCTATAAACTCAGGTCATGGCTATTCTTATTCTCACACTAAGAA
AAAGAATGAGATGTCTACATATACCCTGCGTCCCCTCTTGTGTACTGGGGCCCCCAAGAGCTC
TCTAAAAGTGATGGCAAAGTCATTGCGCTAGATGCCATCCCATCTATTATAAACCTGCATTTG
TCTCCACACACCAGTCATGGACAATAACCCTCCTCCCAGGTCCACGTGCTTGTCTTTGTATAA
TACTCAAGTAATTTCGGAAAATGTATTCTTTCAATCTTGTTCTGTTATTCCTGTTTCAATGGC
TTAGTAGAAAAAGTACATACTTGTTTTCCCATAAATTGACAATAGACAATTTCACATCAATGT
CTATATGGGTCGTTGTGTTTGCTGTGTTTGCAAAAACTCACAATAACTTTATATTGTTACTAC
TCTAAGAAAGTTACAACATGGTGAATACAAGAGAAAGCTATTACAAGTCCAGAAAATAARAAGT
TATCATCTTGAGGCCTCAGCTTTCTAGGAATAATATCAATATTACAAAATTTAATCTAACAAT
TATGAACAGCAATGAGATAATATGTACAAAGTACCCAGACCTATGTGGTAGAGCATCAAGGAA
GCGCATTGCGGAGCAGTTTTTTGTTTGTTTGTTTTTGTATTCTGTTTCGTGAGGCAAGGTTTC
ACTCTGCTGTCCAGGCTGGAGTGCAGTGGCAAGATCATGTCTCACTGCAGCCTTGAC [SEQ

ID NO:6]

In one non-limiting example, the HS4 region has the nucleotide sequence set forth in SEQ ID NO:7, which is

provided below:

TGAGCCCCTTTTCCTCTAACTGAAAGAAGGAAAAAAAAAATGGAACCCAAAATATTCTAC

ATAGTTTCCATGTCACAGCCAGGGCTGGGCAGTCTCCTGTTATTTCTTTTAAAATAAATA
TATCATTAAATGCATAAATAAGCAAACCCTGCTCGGGAATGGGAGGGAGAGTCTCTGGA

GTCCACCCCTTCTCGGCCCTGGCTCTGCAGATAGTGCTATCAAAGCCCTGACAGAGCCCT
GCCCATTGCTGGGCCTTGGAGTGAGTCAGCCTAGTAGAGAGGCAGGGCAAGCCATCTCAT
AGCTGCTGAGTGGGAGAGAGAAAAGGGCTCATTGTCTATAAACTCAGGTCATGGCTATTC
TTATTCTCACACTAAGAAAAAGAATGAGATGTCTACATATACCCTGCGTCCCCTCTTGTG
TACTGGGGCCCCCAAGAGCTCTCTAAAAGTGATGGCAAAGTCATTGCGCTAGATGCCATC
CCATCTATTATAAACCTGCATTTGTCTCCACACACCAGTCATGGACAATAACCCTCCTCC
CAGGTCCACGTGCTTGTCTTTGTATAATACTCAAGTAATTTCGGAAAATGTATTCTTTCA
ATCTTGTTCTIGTITATTCCTGTTTCAATGGCTTAGTAGAAAAAGTACATACTTGTTTTCCC
ATAAATTGACAATAGACAATTTCACATCAATGTCTATATGGGTCGTTGTGTTTGCTGTGT
TTGCAAAAACTCACAATAACTTTATATTGTTACTACTCTAAGAAAGTTACAACATGGTGA
ATACAAGAGAAAGCTATTACAAGTCCAGAAAATAAAAGTTATCATCTTGAGGCCTCAGCT
TTCTAGGaATAATATCAATATTACAAAATTAATCTAACAATTATGAACAGCAATGAGAT

AATATGTACAAAGTACCCAGACCTATGTGGTAGAGCATCAAGGAAGCGCATTGCGGAGCA
GTTTTTTGTTTGTTTGTTTTTGTATTCTGTTTCGTGAGGCAAGGTTTCACTCTGCTGTCC
AGGCTGGAGTGCAGTGGCAAGATCATGTCTCACTGCAGCCTTGACAC [SEQ ID NO:7]

[0089] In certain embodiments, the HS4 region has a length of less than about 1.0 kb, e.g., less than about 900 bp,
less than about 700 bp, less than about 600 bp, or less than about 500 bp. In certain embodiments, the HS4 region has
a length of less than about 500 bp. In certain embodiments, the HS4 region has a length of about 450 bp. In one non-
limiting embodiment, the HS4 region has a length of about 446 bp. In one non-limiting example, the HS4 region has the
nucleotide sequence set forth in SEQ ID NO:8, which is provided below:

TGGAACCCAAAATATTCTACATAGTTTCCATGTCACAGCCAGGGCTGGGCAGTCTCCTGTTAT
TTCTTTTAAAATAAATATATCATTTAAATGCATAAATAAGCAAACCCTGCTCGGGAATGGGAG
GGAGAGTCTCTGGAGTCCACCCCTTCTCGGCCCTGGCTCTGCAGATAGTGCTATCAAAGCCCT
GACAGAGCCCTGCCCATTGCTGGGCCTTGGAGTGAGTCAGCCTAGTAGAGAGGCAGGGCAAGC
CATCTCATAGCTGCTGAGTGGGAGAGAGAAAAGGGCTCATTGTCTATAAACTCAGGTCATGGC
TATTCTTATTCTCACACTAAGAAAAAGAATGAGATGTCTACATATACCCTGCGTCCCCTCTITG
TGTACTGGGGTCCCCAAGAGCTCTCTAAAAGTGATGGCAAAGTCATTGCGCTAGATGCCATCC
CATCT [SEQ ID NO:8]
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[0090] In certain embodiments, the HS4 region has a length of about 280 bp (e.g., 283 bp). In certain embodiments,
the HS4 region has a length of about 240 bp (e.g., 243 bp).

[0091] In certain non-limiting embodiments, the B-globin LCR region comprises a HS2 region having the nucleotide
sequence set forth in SEQ ID NO:9, SEQ ID NO:20 or SEQ ID NO:21, a HS3 region having the nucleotide sequence
set forth in SEQ ID NO:5, and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:6, SEQ ID NO:7 or
SEQ ID NO:8.

[0092] In one non-limiting embodiment, the B-globin LCR region comprises a HS2 region having the nucleotide se-
quence set forth in SEQ ID NO:9, a HS3 region having the nucleotide sequence set forth in SEQ ID NO:5, and a HS4
region having the nucleotide sequence set forth in SEQ ID NO:7, as shown in Figure 1.

[0093] In another non-limiting embodiment, the B-globin LCR region further comprises a HS1 region, i.e., a B-globin
LCR region comprising a HS1 region, a HS2 region, a HS3 region, and a HS4 region. In certain embodiments, the HS1
region, HS2 region, HS3 region and HS4 region within the B-globin LCR region are contiguous. In one non-limiting
embodiment, the B-globin LCR region consisting essentially of a HS1 region, a HS2 region, a HS3 region and a HS4
region. In another embodiment, the B-globin LCR region comprises two introduced GATA-1 binding sites at the junction
between the HS3 region and the HS4 region.

[0094] The length and the sequence of the HS1 region can vary. In certain embodiments, the HS1 region is from about
300 bp to about 1500 bp in length, e.g., from about 300 bp to about 1100 bp in length. In certain embodiments, the HS1
region has a length of about 1.0 kb or more, e.g., about 1.1 kb, about 1.2 kb, about 1.3 kb, about 1.4 kb, or about 1.5kb.
In certain embodiments, the HS1 region has a length of about 1.1 kb. In one non-limiting example, the HS1 region has
alength of 1074 bp. In one non-limiting example, the HS1 region has the nucleotide sequence set forth in SEQ ID NO:2,
which is provided below:

AAGTAAACTTCCACAACCGCAAGCTTATTGAGGCTAAGGCATCTGTGAAGGAAAGAAACATCTCCTCTA
AACCACTATGCTGCTAGAGCCTCTTTTCTGTACTCAAGCCTCATTCAGACACTAGTGTCACCAGTCTCC
TCATATACCTATTGTATTTTCTTCTTCTTGCTGGTTTAGTCATGTTTTCTGGGAGCTTAGGGGCTTATT
TTATTTTGTTTTGTTTTCTAATCAACAGAGATGGGCAAACCCATTATTTTTTTCTTTAGACTTGGGATG
GTGATAGCTGGGCAGCGTCAGAAACTGTGTGTGGATATAGATAAGAGCTCGGACTATGCTGAGCTGTGA
TGAGGGAGGGACCTAGCCAAAGGCAGTGAGAGTCAGAATGCTCCTGCTATTGCCTTCTCAGTCCCCACG
CTTGGTTTCTACACAAGTAGATACATAGAAAAGGCTATAGGTTAGTGTTTGAGAGTCCTGCATGAGTTA
GTTGCTCAGAAATGCCCGATAAATATGTTATGTGTGTTTATGTATATATATGTTTTATATATATATATG
TGTGTGTGTGTGTGTGTGTGTGTTGTGTTTACAAATATGTGATTATCATCAAAACGTGAGGGCTAAAGT
GACCAGATAACTTGCAGGTCCTAGGATACCAGGAAAATAAATTACATTCCAAAAATTTAACTGAGACTT
TAAAAAAAAAAAAANRAAAAAAAAAAAAARACCAGTGATCCATGGACACAGGGAGGGGAACATCACACACT
GGGGCCTGTTGGGGGTGGGGGGCTAGGGGAAGGATAGCATTAGGAGAAATACCTAATGTAGATGACGGG
TTGATGGGTGCAGCAAACCACCATGGCACATGTACCCCAGAACTTAAAGCATATTAAAAAAACAGTGAT
CATAAAAGAAGCTCAAATTTAACTATAAGAGACGGAATGGCTCCCACAATTCTTAACTATAATCTTACA
GAATATTCTCATTGAATAGAAGTATGCTTATCATTAGAGATTTGGACAGCCAGGAAAGCACAGAAAARARA
AAAAAAGGAGCTCTGTTGCCTTATAGCCTAGAGGTGTTT [SEQ ID NO:2]

[0095] In certain embodiments, the HS1 region has a length of less than about 1.0 kb, e.g., from about 400 bp to about
700 bp, from about 400 bp to about 500 bp, from about 500 bp to about 600 bp, from about 600 bp to about 700 bp,
from about 700 bp to about 800 bp, from about 800 bp to about 900 bp, or from about 900 bp to about 1.0 kb. In certain
embodiments, the HS1 region has a length of less than about 700 bp. In certain embodiments, the HS1 region has a
length of about 600 bp. In one non-limiting embodiment, the HS1 region has a length of 602 bp. In one non-limiting
example, the HS1 region has the nucleotide sequence set forth in SEQ ID NO:3, which is provided below:

GGCATCTGTGAAGGAAAGAAACATCTCCTCTAAACCACTATGCTGCTAGAGCCTCTTTTCTGTACTCAA
GCCTCATTCAGACACTAGTGTCACCAGTCTCCTCATATACCTATTGTATTTTCTTCTTCTTGCTGGTTT
AGTCATGTTTTCTGGGAGCTTAGGGGCTTATTTTATTTTGTTTTGTTTTCTAATCAACAGAGATGGGCA
AACCCATTATTTTTTTCTTTAGACTTGGGATGGTGATAGCTGGGCAGCGTCAGAAACTGTGTGTGGATA
TAGATAAGAGCTCGGACTATGCTGAGCTGTGATGAGGGAGGGACCTAGCCAAAGGCAGTGAGAGTCAGA
ATGCTCCTGCTATTGCCTTCTCAGTCCCCACGCTTGGTTTCTACACAAGTAGATACATAGAAAAGGCTA
TAGGTTAGTGTTTGAGAGTCCTGCATGAGTTAGTTGCTCAGAAATGCCCGATAAATATGTTATGTGTGT
TTATGTATATATATGTTTTATATATATATATGTGTGTGTGTGTGTGTGTGTGTGTTGTGTTTACAAATA
TGTGATTATCATCAAAACGTGAGGGCTAAAGTGACCAGATAACTTGCAGG [SEQ ID NO:3]
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[0096] In certain embodiments, the HS1 region has a length of less than about 500 bp. In certain embodiments, the
HS1 region has a length of about 490 bp. In one non-limiting embodiment, the HS1 region has a length of 489 bp. In
one non-limiting example, the HS1 region has the nucleotide sequence set forth in SEQ ID NO:4, which is provided below:

GGCATCTGTGAAGGAAAGAAACATCTCCTCTAAACCACTATGCTGCTAGAGCCTCTTTTCTGTACTCAA
GCCTCATTCAGACACTAGTGTCACCAGTCTCCTCATATACCTATTGTATTTTICTTCTTCTTGCTGGTTT
AGTCATGTTTTCTGGGAGCTTAGGGGCTTATTTTATTTTGTTTTGTTTTCTAATCAACAGAGATGGGCA
AACCCATTATTTTTTTCTTTAGACTTIGGGATGGTGATAGCTGGGCAGCGTCAGAAACTGTGTGTGGATA
TAGATAAGAGCTCGGACTATGCTGAGCTGTGATGAGGGAGGGACCTAGCCAAAGGCAGTGAGAGTCAGA
ATGCTCCTGCTATTGCCTTCTCAGTCCCCACGCTTGGTTTCTACACAAGTAGATACATAGAAAAGGCTA
TAGGTTAGTGTTTGAGAGTCCTGCATGAGTTAGTTGCTCAGAAATGCCCGATAAATATGTTATGTGTGT
TTATGT [SEQ ID NO:4]

[0097] Recent studies have shown that HS2 is not erythroid-specific, but is expressed in other cell lines and lineages
(See Example 3 and Figure 7) and is also present in undifferentiated human embryonic stem cells (Chang et al., Stem
cell reviews (2013);9:397-407). Due to the non-erythroid activity of HS2, HS2-containing globin vectors may pose a risk
for their safe use in clinical treatment, e.g., for treating thalassemia and sickle cell patients. In certain embodiments, the
B-globin LCR region does not comprise a HS2 region. In certain embodiments, the B-globin LCR region does not comprise
a core sequence of HS2. A core sequence of HS2 provides position independent, high level expression. In addition, a
core sequence of HS2 sustains the enhancer activity of HS2. For example, the core sequence of HS2 enhances the
transcription of a globin gene (e.g., human p-globin gene). Additionally, a core sequence of HS2 comprises one or more
binding sites or binding motifs for ubiquitous as well as tissue-specific (e.g., erythroid-specific) proteins (e.g., transcription
factors), including, but not limited to, members of API family of proteins (e.g., NF-E2), GATA-1 (also known as "NF-E1"
or"NFE1"), Kruppel-like Zn finger proteins (e.g., ubiquitous proteins Sp1 and YY1, and erythroid-restricted factor erythroid
Kriippel-like factor (EKLF)), and basic helix-loop-helix (bHLH) proteins (E boxes) (e.g., USF and TALI). AP1 binding
sites are required for enhancement and induction (Moi and Kan (1990); Ney et al., (1990); Talbot and Grosveld (1991)).
Furthermore, binding of NF-E2 can cause disruption of in vitro reconstituted chromatin at HS2 (Armstrong and Emerson
(1996)). Mutations in the GATA-1 binding sites can cause a reduction in enhancer activity of HS2 in transgenic mice
(Caterina et al., (1994)). Although both API (e.g., AP1/NF-E2) and GATA1 binding sites are important for core function,
mice lacking these factors do not show impaired globin gene expression (Weiss et al., 1994).

[0098] In certain embodiments, the B-globin LCR region does not comprise the full length of a core sequence of HS2.
In certain embodiments, the core sequence of a HS2 region is a core sequence of human HS2. In one non-limiting
embodiment, the core sequence of human HS2 comprises a tandem pair of binding sites for members of API family of
proteins (e.g., NF-E2) (referred to as "AP1/NF-E2" binding sites) (e.g., GCTGAGTCA, and GATGAGTCA), one binding
site for Kruppel-like Zn finger proteins (e.g., AGGGTGTGT), one GATA-1 binding site (e.g., CTATCT), and three E boxes
(CANNTG, e.g., CAGATG, and CACCTG). In one non-limiting embodiment, the B-globin LCR region does not comprise
the full length of a 388bp core sequence of human HS2, which has the nucleotide sequence set forth in SEQ ID NO:20
provided below:

TAAGCTTCAGTTTTTCCTTAGTTCCTGTTACATTTCTGTGTGTCTCCATTAGTGACCTCCCATAGTCCA
AGCATGAGCAGTTCTGGCCAGGCCCCTGTCGGGGTCAGTGCCCCACCCCCGCCTTCTGGTTCTGTGTAA
CCTTCTAAGCAAACCTTCTGGCTCAAGCACAGCAATGCTGAGTCATGATGAGTCATGCTGAGGCTTAGG
GTGTIGTGCCCAGATGTTCTCAGCCTAGAGTGATGACTCCTATCTGGGTCCCCAGCAGGATGCTTACAGG
GCAGATGGCAAAAAAAAGGAGAAGCTGACCACCTGACTAAAACTCCACCTCAAACGGCATCATAAAGAA
AATGGATGCCTGAGACAGAATGTGACATATTCTAGAATATATT [SEQ ID NO:20]

[0099] The nucleotide sequence set forth in SEQ ID NO:20 corresponds to nucleotides position 16671 to position
17058 of SEQ ID NO:19 (GenBank Access No.: NG_000007.3). In SEQ ID NO:20, one AP1/NF-E2 binding site having
the nucleotide sequence of GCTGAGTCA is located at position 175 to position 183, one AP1/NF-E2 binding site having
the nucleotide sequence of GATGAGTCA is located at position 185 to position 193, one binding site for Kruppel-like Zn
finger proteins having the nucleotide sequence of AGGGTGTGT is located as position 205 to position 213, two E boxes,
each of which have the nucleotide sequence of CAGATG, is located at position 217 to position 222, and position 278
to position 283, one GATA-1 binding site having the nucleotide sequence of CTATCT is located at position 246 to position
251, one E box having the nucleotide sequence of CACCTG is located at position 306 to position 311.
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[0100] In one non-limiting embodiment, the B-globin LCR region does not comprise the full length of a 387bp core
sequence of human HS2, which has the nucleotide sequence set forth in SEQ ID NO:21 provided below:

TAAGCTTCAGTTTTTCCTTAGTTCCTGTTACATTTCTGTGTGTCTCCATTAGTGACCTCCCATAGTCCA
AGCATGAGCAGTTCTGGCCAGGCCCCTGTCGGGGTCAGTGCCCCACCCCCGCCTTCTGGTTCTGTGTAA
CCTTCTAAGCAAACCTTCTGGCTCAAGCACAGCAATGCTGAGTCATGATGAGTCATGCTGAGGCTAGGG
TGTGTGCCCAGATGTTCTCAGCCTAGAGTGATGACTCCTATCTGGGTCCCCAGCAGGATGCTTACAGGG
CAGATGGCAAAAAARAAGGAGAAGCTGACCACCTGACTAAAACTCCACCTCAAACGGCATCATAAAGAARA
ATGGATGCCTGAGACAGAATGTGACATATTCTAGAATATATT [SEQ ID NO:21]

[0101] In SEQ ID NO:21, one AP1/NF-E2 binding site having the nucleotide sequence of GCTGAGTCA is located at
position 175 to position 183, one AP1/NF-E2 binding site having the nucleotide sequence of GATGAGTCA is located
at position 185 to position 193, one binding site for Kruppel-like Zn finger proteins having the nucleotide sequence of
AGGGTGTGT is located as position 204 to position 212, two E boxes, each of which have the nucleotide sequence of
CAGATRG, is located at position 216 to position 221, and position 277 to position 282, one GATA-1 binding site having
the nucleotide sequence of CTATCT is located at position 245 to position 250, one E box having the nucleotide sequence
of CACCTG is located at position 305 to position 310.

[0102] In certain embodiments, the B-globin LCR region does not comprise a HS2 region that comprises a core
sequence of HS2. A HS2 region that comprises a core sequence of HS2 can vary in length and sequence. In non-limiting
examples, a HS2 region that comprises a core sequence of HS2 is from about 400 bp to about 1000 bp, e.g., from about
400 bp to about 500 bp, from about 500 bp to about 600 bp, from about 600 bp to about 700 bp, from about 700 bp to
about 800 bp, from about 800 bp to about 900 bp, or from about 900 bp to about 1000 bp, in length. In one non-limiting
embodiment, the p-globin LCR region does not comprise a 840 bp HS2 region (e.g., the HS2 region comprised in the
globin vector TNS9 disclosed in U.S. 7,541,179). In one non-limiting embodiment, the B-globin LCR region does not
comprise a 860 bp HS2 region. In one non-limiting embodiment, the -globin LCR region does not comprise an about
650 bp HS2 region. In one non-limiting example, the B-globin LCR region does not comprise a 646 bp HS2 region (e.g.,
the HS2 region comprised in the globin vector LentiGlobin™, also known as "p87"). In one non-limiting embodiment, the
B-globin LCR region does not comprise an about 420 bp HS2 region. In one non-limiting example, the -globin LCR
region does not comprise a 423 bp HS2 region (e.g., the HS2 region comprised in the globin vector disclosed in Sadelain
et al,, Proc. Nat'l Acad. Sci. (USA) (1995);92:6728-6732).

[0103] In certain embodiments, the B-globin LCR region does not comprise a HS2 region that sustains the enhancer
activity of HS2. In certain embodiments, the B-globin LCR region does not comprise a HS2 region that is capable of
enhancing the transcription of a globin gene (e.g., human B-globin gene). In non-limiting examples, the -globin LCR
region does not comprise a HS2 region whose ability to enhance the transcription of a globin gene (e.g., human -globin
gene) is no less than 60%, no less than 70%, no less than 80%, no less than 90%, or no less than 95% in comparison
to a native HS2 region.

[0104] In certain embodiments, the B-globin LCR region does not comprise a HS2 region that comprises one, two,
three, four, five, six or seven of the following binding sites: two (a tandem pair of) AP1/NF-E2 binding sites (e.g., GCT-
GAGTCA, and GATGAGTCA), one binding site for Kruppel-like Zn finger proteins (e.g., AGGGTGTGT), one GATA-1
binding site (e.g., CTATCT), and three E boxes (CANNTG, e.g., CAGATG, and CACCTG). In certain embodiments, the
B-globin LCR region does not comprise a HS2 region that comprises six of the above-described binding sites. For
example, in certain embodiments, the -globin LCR region does not comprise a HS2 region that comprises two AP1/NF-
E2 binding sites, one binding site for Kruppel-like Zn finger proteins, one GATA-1 binding site, and two not three E boxes.
In certain embodiments, the B-globin LCR region does not comprise a HS2 region that comprises one not two AP 1/NF-
E2 binding site, one binding site for Kruppel-like Zn finger proteins, one GATA-1 binding site, and three E boxes. In
certain embodiments, the B-globin LCR region does not comprise a HS2 region that comprises two AP1/NF-E2 binding
sites, one GATA-1 binding site, and three E boxes and does not comprise one binding site for Kruppel-like Zn finger
proteins. In certain embodiments, the 3-globin LCR region does not comprise a HS2 region that comprises two AP1/NF-
E2 binding sites, one binding site for Kruppel-like Zn finger proteins, and three E boxes, and does not comprise one
GATA-1 binding site.

[0105] In certain embodiments, the -globin LCR region comprises a HS1 region, a HS3 region, and a HS4 region,
and does not comprise a HS2 region. In certain embodiments, the HS1 region, HS3 region and HS4 region within the
B-globin LCR region are contiguous. In one non-limiting embodiment, the B-globin LCR region consisting essentially of
a HS1 region, a HS3 region and a HS4 region. In another embodiment, the 3-globin LCR region comprises two introduced
GATA-1 binding sites at the junction between the HS3 region and the HS4 region. The HS3 region can lie between the
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HS1 region and the HS4 region.

[0106] In certain non-limiting embodiments, the B-globin LCR region comprises a HS1 region having the nucleotide
sequence set forth in SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:22 or SEQ ID NO:23, a HS3 region having
the nucleotide sequence set forth in SEQ ID NO:5, and a HS4 region having the nucleotide sequence set forth in SEQ
ID NO:6, SEQ ID NO:7 or SEQ ID NO:8, and the B-globin LCR region does not comprise a HS2 region.

[0107] In one non-limiting embodiment, the B-globin LCR region comprises a HS1 region having the nucleotide se-
quence set forth in SEQ ID NO:2, a HS3 region having the nucleotide sequence set forth in SEQ ID NO:5, and a HS4
region having the nucleotide sequence set forth in SEQ ID NO:6, and the B-globin LCR region does not comprise a HS2
region, as shown in Figure 2.

[0108] In one non-limiting embodiment, the B-globin LCR region comprises a HS1 region having the nucleotide se-
quence set forth in SEQ ID NO:3, a HS3 region having the nucleotide sequence set forth in SEQ ID NO:5, and a HS4
region having the nucleotide sequence set forth in SEQ ID NO:8, and the B-globin LCR region does not comprise a HS2
region, as shown in Figure 3.

[0109] In one non-limiting embodiment, the B-globin LCR region comprises a HS1 region having the nucleotide se-
quence set forth in SEQ ID NO:4, a HS3 region having the nucleotide sequence set forth in SEQ ID NO:5, and a HS4
region having the nucleotide sequence set forth in SEQ ID NO:8, and the B-globin LCR region does not comprise a HS2
region.

[0110] In certain embodiments, the B-globin LCR region does not comprise a HS1 region or a HS2 region. In certain
embodiments, the B-globin LCR region does not comprise a core sequence of HS1. A core sequence of HS1 sustains
the activity of HS1, e.g., enhancer activity, or functioning as a facilitator or regulatory element to tether the enhancer
activity of other HS regions, e.g., HS2-4. In addition, a core sequence of HS1 comprises one or more binding sites or
binding motifs for ubiquitous as well as tissue-specific (e.g., erythroid-specific) proteins (e.g., transcription factors),
including, but not limited to, GATA-1, and Kruppel-like Zn finger proteins (e.g., erythroid-restricted factor EKLF).
[0111] In certain embodiments, the B-globin LCR region does not comprise the full length of a core sequence of HS1.
In certain embodiments, the core sequence of a HS1 region is a core sequence of human HS1. In one non-limiting
embodiment, the core sequence of human HS1 comprises two GATA-1 binding sites (e.g., TTATCT, and CTATCA),
and one binding site for EKLF (e.g., CCACACACA). In certain embodiments, the B-globin LCR region does not comprise
the full length of a 286bp core sequence of human HS1. In one non-limiting embodiment, the 286bp core sequence of
human HS1 has the nucleotide sequence set forth in SEQ ID NO:22 provided below:

CTGAGCAACTAACTCATGCAGGACTCTCAAACACTAACCTATAGCCTTTTCTATGTATCTACTTGTGTA
GAAACCAAGCGTGGGGACTGAGAAGGCAATAGCAGGAGCATTCTGACTCTCACTGCCTTTGGCTAGGTC
CCTCCCTCATCACAGCTCAGCATAGTCCGAGCTCTTATCTATATCCACACACAGTTTCTGACGCTGCCC
AGCTATCACCATCCCAAGTCTAAAGAAAAAAATAATGGGTTTGCCCATCTCTGTTGATTAGAAAACAAA
ACAAAATAAA [SEQ ID NO:22]

In SEQ ID NO:22, one GATA-1 binding site having the nucleotide sequence of TTATCT is located at position 173 to
position 178, one GATA-1 binding site having the nucleotide sequence of CTATCA located at position 210 to position
215, and one binding site for EKLF having the nucleotide sequence of CCACACACA is located at position 183 to position
191.

[0112] In another non-limiting embodiment, the 286bp core sequence of human HS1 has the nucleotide sequence set
forth in SEQ ID NO:23 provided below:

CTGAGCAACTAATCATGCAGGACTCTCAAACACTAACCTATAGCCTTITTCTATGTATCTACTTGTGTAG
AAACCAAGCGTGGGGACTGAGAAGGCAATAGCAGGAGCATTCTGACTCTCACTGCCTTTAGCTAGGCCC
CTCCCTCATCACAGCTCAGCATAGTCCTGAGCTCTTATCTATATCCACACACAGTTTCTGACGCTGCCC
AGCTATCACCATCCCAAGTCTAAAGAAAAAANTAATGGGTTTGCCCATCTCTGTTGATTAGAAAACARA
ACAAAATAAA [SEQ ID NO:23]

[0113] The nucleotide sequence set forth in SEQ ID NO:23 corresponds to nucleotides position 21481 to position
21766 of SEQ ID NO:19 (GenBank Access No.: NG_000007.3). In SEQ ID NO:23, one GATA-1 binding site having the
nucleotide sequence of TTATCT is located at position 173 to position 178, one GATA-1 binding site having the nucleotide
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sequence of CTATCA located at position 210 to position 215, and one binding site for EKLF having the nucleotide
sequence of CCACACACA is located at position 183 to position 191.

[0114] In certain embodiments, the B-globin LCR region does not comprise a HS1 region that comprises a core
sequence of HS1. A HS1 region that comprises a core sequence of HS1 can vary in length and sequence. In non-limiting
examples, a HS1 region that comprises a core sequence of HS1 is from about 300 bp to about 1200 bp, e.g., from about
300 bp to about 400 bp, from about 400 bp to about 500 bp, from about 500 bp to about 600 bp, from about 600 bp to
about 700 bp, from about 700 bp to about 800 bp, from about 800 bp to about 900 bp, from about 900 bp to about 1000
bp, from about 1000 bp to about 1100 bp, or from about 1100 bp to about 1200 bp, in length. In one non-limiting
embodiment, the B-globin LCR region does not comprise an about 1.0 kb bp HS1 region. In one non-limiting embodiment,
the B-globin LCR region does not comprise an about 1.1 kb HS1 region.

[0115] In certain embodiments, the B-globin LCR region does not comprise a HS1 region that sustains the activity of
HS1, e.g., enhancer activity, or functioning as a facilitator or regulatory element to tether the enhancer activity of other
HS regions, e.g., HS2-4. In certain embodiments, the 3-globin LCR region does not comprise a HS1 region that is capable
of enhancing the transcription of a globin gene (e.g., human B-globin gene). In non-limiting examples, the B-globin LCR
region does not comprise a HS1 region whose ability to enhance the transcription of a globin gene (e.g., human -globin
gene) is no less than 60%, no less than 70%, no less than 80%, no less than 90%, or no less than 95% in comparison
to a native HS1 region. In non-limiting examples, the -globin LCR region does not comprise a HS1 region whose ability
to tether the enhancer activity of one or more of HS2-HS4 is no less than 60%, no less than 70%, no less than 80%, no
less than 90%, or no less than 95% in comparison to a native HS1 region.

[0116] In certain embodiments, the B-globin LCR region does not comprise a HS1 region that comprises one, two, or
three of the following binding sites: two GATA-1 binding sites (e.g., TTATCT, and CTATCA), and one binding site for
EKLF (e.g., CCACACACA). In certain embodiments, the p-globin LCR region does not comprise a HS1 region that
comprises two of the above-described binding sites. For example, in certain embodiments, the B-globin LCR region does
not comprise a HS1 region that comprises two GATA-1 binding sites and does not comprise one binding site for EKLF.
In certain embodiments, the B-globin LCR region does not comprise a HS1 region that comprises one not two AP1/NF-
E2 binding site and one binding site for EKLF.

[0117] In certain embodiments, the B-globin LCR region comprises a HS3 region and a HS4 region, and the B-globin
LCR region does not comprise a HS1 region or a HS2 region. In certain embodiments, the HS3 region and HS4 region
within the B-globin LCR region are contiguous. In one non-limiting embodiment, the B-globin LCR region consisting
essentially of a HS3 region and a HS4 region. In another embodiment, the B-globin LCR region comprises two introduced
GATA-1 binding sites at the junction between the HS3 region and the HS4 region. The HS3 region can lie between the
globin gene or functional portion thereof and the HS4 region.

[0118] In certain embodiments, the B-globin LCR region comprises a HS3 region having the nucleotide sequence set
forth in SEQ ID NO:5 and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:6, SEQ ID NO:7 or SEQ
ID NO:8, and the B-globin LCR region does not comprise a HS1 region or a HS2 region.

[0119] In one non-limiting embodiment, the B-globin LCR region comprises a HS3 region having the nucleotide se-
quence set forth in SEQ ID NO:5 and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:6, and the
B-globin LCR region does not comprise a HS1 region or a HS2 region, as shown in Figure 4.

Globin gene

[0120] In accordance with the presently disclosed subject matter, the expression cassette comprises a globin gene
or a functional portion thereof. The globin gene can be a B-globin gene, a y-globin gene, or a 3-globin gene. In certain
embodiments, the expression cassette comprises a human B-globin gene. In accordance with the presently disclosed
subject matter, the human B-globin gene can be a wild-type human p-globin gene, a deleted human B-globin gene
comprising one or more deletions of intron sequences, or a mutated human B-globin gene encoding at least one anti-
sickling amino acid residue. In one non-limiting embodiment, a presently disclosed expression cassette comprises a
wild-type human B-globin gene. In another embodiment, the a presently disclosed expression cassette comprises a
human BA-globin gene encoding a threonine to glutamine mutation at codon 87 (BA-T87Q). The glutamine residue at
position 87 in the gamma-globin chain augments the anti-sickling activity of the gamma chain relative to the beta chain,
while preserving adult oxygen-binding characteristics of the beta chain (Nagel et al., Proc. Natl. Acad. Sci. U.S.A.
(1979);76:670-672). In certain embodiments, a functional portion of a globin gene has at least 80%, at least 90%, at
least 95%, or at least 99% identity to a corresponding wild-type reference polynucleotide sequence.

Promoters and Enhancers

[0121] In accordance with the presently disclosed subject matter, the expression cassette can further comprise a -
globin promoter. In certain embodiments, the B-globin promoter is positioned between the globin gene or functional
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portion thereof and the B-globin LCR region. The length and the sequence of the B-globin promoter can vary. In certain
embodiments, the 3-globin promoter is from about 100 bp to about 1600 bp in length, e.g., from about 200 bp to about
700 bp, from about 100 bp to about 200 bp, from about 200 bp to about 300 bp, from about 300 bp to about 400 bp,
from about 400 bp to about 500 bp, from about 500 bp to about 600 bp, from about 600 bp to about 700 bp, from about
700 bp to about 800 bp, from about 800 bp to about 900 bp, from about 900 bp to about 1000 bp, from about 1000 bp
to about 1100 bp, from about 1100 bp to about 1200 bp, from about 1200 bp to about 1300 bp, from about 1300 bp to
about 1400 bp, from about 1400 bp to about 1500 bp, or from about 1500 bp to about 1600 bp in length. In certain
embodiments, the -globin promoter a human B-globin promoter that is about 130bp, about 613bp, about 265bp, or
about 1555bp, in length. In one embodiment, the B-globin promoter is a human B-globin promoter that is about 613bp
in length. In one non-limiting example, the human B-globin promoter has the nucleotide sequence set forth in SEQ ID
NO:10, which is provided below:

AAGCAATAGATGGCTCTGCCCTGACTTTTATGCCCAGCCCTGGCTCCTGCCCTCCCTGCTCCT
GGGAGTAGATTGGCCAACCCTAGGGTGTGGCTCCACAGGGTGAGGTCTAAGTGATGACAGCCG
TACCTGTCCTTGGCTCTTCTGGCACTGGCTTAGGAGTTGGACTTCAAACCCTCAGCCCTCCCT
CTAAGATATATCTCTTGGCCCCATACCATCAGTACAAATTGCTACTAAAAACATCCTCCTTTG
CAAGTGTATTTACGTAATATTTGGAATCACAGCTTGGTAAGCATATTGAAGATCGTTTTCCCA
ATTTTCTTATTACACAAATAAGAAATTGATGCACTAAAAGTGGAAGAGTTTTGTCTACCATAA
TTCAGCTTTGGGATATGTAGATGGATCTCTTCCTGCGTCTCCAGAATATGCAAAATACTTACA
GGACAGAATGGATGAAAACTCTACCTCAGTTCTAAGCATATCTTCTCCTTATTTGGATTAAAA
CCTTCTGGTAAGAAAAGAAAAAAAATATATATATATATGTGTATATATACACACATACATATA
CATATATATGCATTCATTTGTTGTTGTTTTTCTTAATTTGCTCATG [SEQ ID NO:10]

[0122] In one embodiment, the B-globin promoter is a human B-globin promoter that is about 265bp in length. In one
non-limiting example, the human B-globin promoter has the nucleotide sequence set forth in SEQ ID NO:11.

AAGCAATAGATGGCTCTGCCCTGACTTTTATGCCCAGCCCTGGCTCCTGCCCTCCCTGCTCCT
GGGAGTAGATTGGCCAACCCTAGGGTGTGGCTCCACAGGGTGAGGTCTAAGTGATGACAGCCG
TACCTGTCCTTGGCTCTTCTGGCACTGGCTTAGGAGTTGGACTTCAAACCCTCAGCCCTCCCT

CTAAGATATATCTCTTGGCCCCATACCATCAGTACAAATTGCTACTAAAAACATCCTCCTTITG
CAAGTGTATTTAC [SEQ ID NO:11]

[0123] Additionally or alternatively, a presently disclosed expression cassette can further comprise a human B-globin
3’ enhancer. In certain embodiments, the human B-globin 3’ enhancer is positioned in the upstream of the globin gene
or functional portion thereof. In certain embodiments, the B-globin 3’ enhancer is from about 500 bp to about 1000 bp
in length, e.g., from about 500 bp to about 600 bp, from about 600 bp to about 700 bp, from about 700 bp to about 800
bp, or from about 800 bp to about 900 bp in length. In one embodiment, the human p-globin 3’ enhancer is about 879
bp in length. In one example, the human B-globin 3’ enhancer has the nucleotide sequence set forth in SEQ ID NO:12.

TAGGTATTGAATAAGAAAAATGAAGTTAAGGTGGTTGATGGTAACACTATGCTAATAAC

TGCAGAGCCAGAAGCACCATAAGGGACATGATAAGGGAGCCAGCAGACCTCTGATCTICTT
CCTGAATGCTAATCTTAAACATCCTGAGGAAGAATGGGACTTCCATTTGGGGTGGGCCTA
TGATAGGGTAATAAGACAGTAGTGAATATCAAGCTACAAAAAGCCCCCTTTCAAATTCTT
CTCAGTCCTAACTTTTCATACTAAGCCCAGTCCTTCCAAAGCAGACTGTGAAAGAGTGAT
AGTTCCGGGAGACTAGCACTGCAGATTCCGGGTCACTGTGAGTGGGGGAGGCAGGGAAGA
AGGGCTCACAGGACAGTCAAACCATGCCCCCTGTTTTTCCTTCTTCAAGTAGACCTCTAT
AAGACAACAGAGACAACTAAGGCTGAGTGGCCAGGCGAGGAGAAACCATCTCGCCGTAAA
ACATGGAAGGAACACTTCAGGGGAAAGGTGGTATCTCTAAGCAAGAGAACTGAGTGGAGT
CAAGGCTGAGAGATGCAGGATAAGCAAATGGGTAGTGAAAAGACATTCATGAGGACAGCT
AAAACAATAAGTAATGTAAAATACAGCATAGCAAAACTTTAACCTCCAAATCAAGCCTCT
ACTTGAATCCTTTTCTGAGGGATGAATAAGGCATAGGCATCAGGGGCTGTTGCCAATGTG
CATTAGCTGTTTGCAGCCTCACCTTCTTTCATGGAGTTTAAGATATAGTGTATTTTCCCA
AGGTTTGAACTAGCTCTTCATTTCTTTATGTTTTAAATGCACTGACCTCCCACATTCCCT
TTTTAGTAAAATATTCAGAAATAATTTAAATACATCATTG [SEQ ID NO:12]
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[0124] Furthermore, a presently disclosed expression cassette can further comprise at least one erythroid-specific
enhancer. The presently disclosed expression cassette allows for expression of a globin gene (e.g., human B-globin
gene) in erythroid-specific fashion. The erythroid-specific enhancer can enhance the expression of the globin gene in
erythroid-specific fashion. For example, the erythroid-specific enhancer lack enhancer activity in non-erythroid tissues.
In particularly, for the B-globin LCR region that lacks a HS2 region, which primarily functions as an expression enhancer,
the addition of one or more erythroid-specific enhancers can compensate the enhancing activity of a HS2 region. Fur-
thermore, the presently disclosed erythroid-specific enhancers do not decrease or reduce the titer of a vector comprising
the expression cassette. The length of the erythroid-specific enhancer can vary, e.g., from about 100bp to about 200bp,
from about 100bp to about 120bp, from about 120bp to about 140bp, from about 140 bp to about 200 (e.g., from about
140bp to about 150bp, from about 150bp to about 160bp, from about 160bp to about 170bp, from about 170bp to about
180bp, from about 180bp to about 190bp, or from about 190bp to about 200bp). In certain embodiments, the erythroid-
specific enhancer has a length of from about 140bp to about 200bp. In one non-limiting embodiment, the erythroid-
specific enhancer has a length of 152 bp, which has the nucleotide sequence set forth in SEQ ID NO:13, which is provided
below:

TCTCCCACGCCCTGGTCTCAGCTTGGGGAGTGGTCAGACCCCAATGGCGATAAACTCTGGCAA
CTTTATCTGTGcaCTGCAGGCTCAGCCCCAACaGCTTTAGCTTTCACAAGCAGGCAGGGGAAG
GGAAACACATATCTCCAGATATGAGG [SEQ ID NO:13]

[0125] Inone non-limiting embodiment, the erythroid-specific enhancer has alength of 157 bp, which has the nucleotide
sequence set forth in SEQ ID NO:14, which is provided below:

CTAAACCCCTICCCCCACCCTAGCCCCAAGCTTCATCTTAGCTCCACTCCTGACCCTATCCAGC
TAAAGGTCCCCACCCAGCTCCTGCCTATCTAGTCATTGCATATGGCAAGACTTGARAGTCCTA
TCTCAAAGCAGCAGAATTATCAGCTACGACT [SEQ ID NO:14]

[0126] Inone non-limiting embodiment, the erythroid-specificenhancer has alength of 141 bp, which has the nucleotide
sequence set forth in SEQ ID NO:15, which is provided below:

CCATCCCCCAGCACTCCCTGCCCCCACAGCCCAGACTTGACCAACTCCCAGCTCCGCCTGGGA
CTTCCAGATATGGGGCCCCACCCTTGCAGGCCTTGGGGACGCTGAAGATATTGACTATCTGCG
TGCCggAARAGGGTG [SEQ ID NO:15]

[0127] Inone non-limiting embodiment, the erythroid-specificenhancer has alength of 171 bp, which has the nucleotide
sequence set forth in SEQ ID NO:16, which is provided below:

ARAAGGCTGGGGGTGGGAGTAGCGGATTTGAAGCACTTGTTGGCCTACAGAGGTGTGGCAAGCA
GAGCACCTCAGAACTCAGGCGTACTGCCCGCCGCCCGAGCCCTGCGAGGGCCGATAGCGAGGG
TGTGGCCCTTATCTGCACCCAGCAGAGCGCCGGCGGGGTACGGTC [SEQ ID NO:16]

[0128] Inone non-limiting embodiment, the erythroid-specific enhancer has alength of 195 bp, which has the nucleotide
sequence set forth in SEQ ID NO:17, which is provided below:

CAGTTGCCTCAGCTGAGTATGTCTTCTAAAGATAATGTCGATTGTGTATGGCTGATGGGATTC
TAGGACCAAGCAAGAGGTTTTTTTTTTTCCCCCACATACTTAACGTTTCTATATTTCTATTTG
AATTCGACTGGACAGTTCCATTITGAATTATTTCTCTICTCICTCTCTCTCTGACACATTTTATC
TTGCCA [SEQ ID NO:17]

[0129] Erythroid-specific enhancers can be identified and determined by any suitable methods known in the art. The
erythroid-specific enhancers can be positioned at the 3’ LTR (downstream) or the 5’ LTR (downstream) of the B-globin
LCR region. In one embodiment, the at least one erythroid-specific enhancer is positioned in the 5’ LTR of the -globin
LCR region, e.g., the upstream of the HS3 region. The expression cassette can comprise one, two, three, four, or five
erythroid-specific enhancers. In one embodiment, the expression cassette comprises one erythroid-specific enhancer.
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In another embodiment, the expression cassette comprises two erythroid-specific enhancers. In yetanother embodiment,
the expression cassette comprises three erythroid-specific enhancers. In certain embodiments, the expression cassette
comprises four erythroid-specific enhancers. In a non-limiting embodiment, the expression cassette comprises five
erythroid-specific enhancers.

Insulators

[0130] In accordance with the presently dislcosed subject matter, the expression cassette comprises at least one of
the above-described insulators. In certain embodiments, a presently disclosed expression cassette comprises at least
one insulator comprising the CTCF binding site sequence set forth in SEQ ID NO:18, for example, but not limited to, an
insulator comprising SEQ ID NO: 24 or SEQ ID NO:25, such as an insulator having the nucleotide sequence set forth
in SEQ ID NO:1 (i.e., insulator A1). In various non-limiting embodiments, the insulator can be incorporated or inserted
into one or both LTRs or elsewhere in the region of a presently disclosed expression cassette that integrates into the
cellular genome. In one embodiment, the insulator is positioned at the 3’ end of the expression cassette. In one embod-
iment, the insulator is positioned at the 5’ end of the expression cassette. In one embodiment, the expression cassette
comprises two of the insulator having the nucleotide sequence set forthin SEQ ID NO:1, where one insulator is positioned
at the 3’ end and the other insulator is positioned at the 5’ end of the expression cassette.

[0131] The presently disclosed insulators possess powerful enhancer blocking activity. In certain embodiments, the
insulators possess barrier activity in addition to enhancer blocking activity. The presently disclosed insulators substantially
decrease the risks of insertional mutagenesis and genotoxicity associated with viral vectors. Furthermore, when a pres-
ently disclosed insulator is incorporated into a vector, the insulator does not adversely effect vector titers of the vector.
In certain embodiments, the insulators (e.g., insulator A1) increase the in vivo expression of the globin gene or functional
portion thereof.

[0132] For the purpose of illustration and not limitation, Figures 1-4 show recombinant vectors comprising exemplary
expression cassettes in accordance with certain embodiments of the presently disclosed subject matter. Figure 1 shows
arecombinant vector comprising a presently disclosed expression cassette that comprises a human pA-T87Qglobin gene,
which is operably linked to a B-globin LCR region that comprises a 860bp HS2 region (e.g., one having the nucleotide
sequence set forth in SEQ ID NO:9), a 1301bp HS3 region (e.g., one having the nucleotide sequence set forth in SEQ
ID NO:5), and a 1065bp HS4 region (e.g., one having the nucleotide sequence set forth in SEQ ID NO:7).

[0133] Figure 2 shows one exemplary recombinant vector comprising an expression cassette in accordance with one
embodiment of the presently disclosed subject matter. Figure 2 shows a recombinant vector comprising a presently
disclosed expression cassette that comprises a human pA-T87Q globin gene, which is operably linked to a B-globin LCR
region that comprises a 1.1 kb HS1 region (e.g., one having the nucleotide sequence set forth in SEQ ID NO:2), a 1301bp
HS3 region (e.g., one having the nucleotide sequence set forth in SEQ ID NO:5), and a 1065 bp HS4 region (e.g., one
having the nucleotide sequence set forth in SEQ ID NO:6).

[0134] Figure 3 shows one exemplary recombinant vector comprising an expression cassette in accordance with one
embodiment of the presently disclosed subject matter. Figure 3 shows a recombinant vector comprising a presently
disclosed expression cassette that comprises a human pA-T87Q globin gene, which is operably linked to a B-globin LCR
region that comprises a 602 bp HS1 region (e.g., one having the nucleotide sequence set forth in SEQ ID NO:3), a
1301bp HS3 region (e.g., one having the nucleotide sequence set forth in SEQ ID NO:5), and a 446 bp HS4 region (e.g.,
one having the nucleotide sequence set forth in SEQ ID NO:8).

[0135] Figure 4 shows one exemplary recombinant vector comprising an expression cassette in accordance with one
embodiment of the presently disclosed subject matter. Figure 4 shows a recombinant vector comprising a presently
disclosed expression cassette that comprises a human pA-T87Q globin gene, which is operably linked to a B-globin LCR
region that comprises a 1301bp HS3 region (e.g., one having the nucleotide sequence set forth in SEQ ID NO:5), and
a 1065 bp HS4 region (e.g., one having the nucleotide sequence set forth in SEQ ID NO:6). The expression cassette
shown in Figure 4 also comprises the following five erythroid-specific enhancers (shown as "EE5" in Figure 4): one
erythroid-specific enhancer having the nucleotide sequence set forth in SEQ ID NO:13, one erythroid-specific enhancer
having the nucleotide sequence set forth in SEQ ID NO:14, one erythroid-specific enhancer having the nucleotide
sequence set forth in SEQ ID NO:15, one erythroid-specific enhancer having the nucleotide sequence set forth in SEQ
ID NO:16, and one erythroid-specific enhancer having the nucleotide sequence set forth in SEQ ID NO:17.

[0136] AsshowninFigures 1-4, each ofthe expression cassettes comprise aninsulator having the nucleotide sequence
set forth in SEQ ID NO:1 (i.e., insulator A1). In addition, as shown in Figures 1-4, each of the expression cassettes
comprise a 879 bp human B-globin 3’ enhancer, which is positioned upstream of the human B-globin gene. Furthermore,
as shown in Figures 1-4, each of the recombinant vectors comprise a Woodchuck hepatitis post-regulatory element
(WPRE) and a bovine growth hormone polyadenylation signal in the 3’ long terminal repeat (LTR) of the vector (e.g., 3’
to the R region in the 3’ LTR).
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lll. Vectors, Nucleases and CRISPR-Cas Systems

[0137] The presently disclosed subject matter provides vectors and delivery systems (e.g., a non-naturally occurring
or engineered nucleases or a CRISPR-Cas system) comprising the above-described expression cassettes. The vectors
and delivery systems are suitable delivery vehicles for the stable introduction of globin gene (e.g., human B-globin) into
the genome of a broad range of target cells to increase expression of the globin protein (human p-globin protein) in the cell.
[0138] In certain embodiments, the vector is a retroviral vector (e.g., gamma retroviral or lentiviral) that is employed
for the introduction or transduction of the above-described expression cassette into the genome of a host cell (e.g., a
hematopoietic stem cell, an embryonic stem cell, an induced pluripotent stem cell, or a hemogenic endothelium cell). In
certain embodiments, the retroviral vector comprises an expression cassette that comprises one of the above-described
insulators, e.g., insulator A1. The insulator can be positioned at the 3’ or the 5’ end of the expression cassette. In one
embodiment, the insulator is positioned at the 3’ end of the expression cassette. During reverse transcription and vector
integration, the insulator positioned at the 3’ end is copied into the 5° end of the expression cassette. The resulting
topology places copies of the insulator between the genomic regions located atthe 5’ LTR and the 3’ LTR of the integrated
virus and enhancer activity from the 5 LTR and internal package promoter, but does not contain the enhancer in the 3’
LTR. This topology can decrease genotoxicity, thereby resulting in decreased tumor formation and increased survival
of the animals.

[0139] In certain embodiments, the recombinant vector further comprises a Woodchuck hepatitis post-regulatory el-
ement (WPRE) in the 3’ long terminal repeat (LTR) of the vector (e.g., 3' to the R region in the 3’ LTR of the vector). In
certain embodiments, the recombinant vector further comprises a bovine growth hormone polyadenylation signal in
addition to the WPRE in the 3’ long terminal repeat (LTR) of the vector (e.g., 3’ to the R region in the 3’ LTR of the
vector). An essential feature of therapeutic globin vectors is to achieve a high titer, sufficient for effective transduction
of patient cells. By virtue of their large cargo, comprising a gene, promoter, enhancers and/or LCR elements, globin
lentiviral vectors inherently have low titer, complicating their manufacture and limiting their clinical use. This problem is
further compounded by the incorporation of additional genomic elements such as an insulator, which further increase
the size of the vector. The WPRE can increase the titer of the recombinant vector. Addition of a bovine growth hormone
polyadenylation signal to the WPRE can further increase the titer of the recombinant vector. In certain embodiments,
the WPRE and the bovine growth hormone polyadenylation signal are not comprised within the expression cassette,
and thus, not transferred to the cells transduced with the recombinant vector. The incorporation of these elements for
enhancing the production of globin lentiviral vectors is essential to yield higher titers and hence for the clinical usefulness
of the vectors described in this application.

[0140] In one non-limiting example, a presently disclosed expression cassette can be cloned into a retroviral vector
and expression can be driven from its endogenous promoter, from the retroviral long terminal repeat, or from an alternative
internal promoter. Combinations of retroviral vector and an appropriate packaging line are also suitable, where the capsid
proteins will be functional for infecting human cells. Various amphotropic virus-producing cell lines are known, including,
but not limited to, PA12 (Miller, et al. (1985) Mol. Cell. Biol. 5:431-437); PA317 (Miller, et al. (1986) Mol. Cell. Biol.
6:2895-2902); and CRIP (Danos, et al. (1988) Proc. Natl. Acad. Sci. USA 85:6460-6464). Non-amphotropic particles
are suitable too, e.g., particles pseudotyped with VSVG, RD114 or GALV envelope and any other known in the art.
[0141] Suitable methods of transduction also include direct co-culture of the cells with producer cells, e.g., by the
method of Bregni, et al. (1992) Blood 80:1418-1422, or culturing with viral supernatant alone or concentrated vector
stocks with or without appropriate growth factors and polycations, e.g., by the method of Xu, et al. (1994) Exp. Hemat.
22:223-230; and Hughes, et al. (1992) J. Clin. Invest. 89:1817.

[0142] Transducing viral vectors can be used to express a globin gene (e.g., a human B-globin gene) in a host cell
(e.g., hematopoietic stem cells, an embryonic stem cell, or an induced pluripotent stem cell). Preferably, the chosen
vector exhibits high efficiency of infection and stable integration and expression (see, e.g., Cayouette et al., Human
Gene Therapy (1997);8:423-430; Kido et al., Current Eye Research (1996);15:833-844; Bloomer et al., Journal of Virology
(1997);71:6641-6649; Naldini et al., Science (1996);272:263 267; and Miyoshi et al., Proc. Natl. Acad. Sci. U.S.A.
94:10319, 1997). Other viral vectors that can be used include, for example, adenoviral, lentiviral, and adeno-associated
viral vectors, vaccinia virus, a bovine papilloma virus, or a herpes virus, such as Epstein-Barr Virus (also see, for example,
the vectors of Miller, Human Gene Therapy (1990);15-14; Friedman, Science (1989);244:1275-1281; Eglitis et al., Bio-
Techniques 6:608-614, 1988; Tolstoshev et al., Current Opinion in Biotechnology (1990);1:55-61; Sharp, The Lancet
(1991);337:1277-1278; Cornetta et al., Nucleic Acid Research and Molecular Biology (1987)36:311-322; Anderson,
Science (1984);226:401-409; Moen, Blood Cells (1991);17:407-416; Miller et al., Biotechnology (1989);7:980-990; Le
Gal La Salle et al., Science (1993);259:988-990; and Johnson, Chest (1995);107:77S- 83S). Retroviral vectors are
particularly well developed and have been used in clinical settings (Rosenberg et al., N. Engl. J. Med (1990);323:370;
Anderson et al., U.S. Pat. No. 5,399,346).

[0143] Therequirementfor efficient delivery and integration make retroviral vectors suitable for transducing a presently
disclosed expression cassette. Retroviral vectors can be derived from three genera of the retroviridae: the y-retroviruses
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(also known as C-type murine retroviruses or oncoretroviruses), the lentiviruses, and the spumaviruses (also known as
foamy viruses). Several reviews detailing molecular approaches for the generation of replication-defective retroviral
particles are available (Cornetta et al. (2005); Cockrell & Kafri (2007)). The vector itself, which encodes the therapeutic
transgene or cDNA, retains the minimal viral sequences needed to enable packaging in viral particles in a packaging
cell line, reverse transcription, and integration. The packaging cell expresses the necessary structural proteins and
enzymes that are required to assemble an infectious recombinant particle that contains the vector sequence and the
machinery needed for its reverse transcription and integration in the transduced cell.

[0144] While the manufacturing aspects of all retroviral vector types follow the same general principles, y-retroviral,
lentiviral and spumaviral vectors differ in some of their intrinsic biological properties. Gamma-retroviruses, including the
prototypic murine leukaemia viruses (MLV), effectively infect many cell types but are unable to integrate in cells that do
not proceed to S phase soon after infection. In contrast, lentiviruses and their vector derivatives can transduce nondividing
cells (Follenzi & Naldini, 2002; Salmon & Trono, 2002) owing to their ability to translocate to the nucleus and integrate
in the absence of cell division (Lewis & Emerman, 1994; Goff, 2001). Another fundamental attribute of lentiviral vectors
is their relative genomic stability, as established for globin lentiviral vectors (May et al., 2000), which contrasts with the
genomic instability of MLV-based globin vectors (Leboulch et al., 1994; Sadelain et al., 1995). Lentiviral and foamy
vectors further provide a greater packaging capacity (Kumar et al., 2001; Rethwilm, 2007). All three vector types have
been used successfully for the transduction of cytokineactivated HSCs (Miyoshi et al., 1999; Josephson et al., 2002;
Leurs et al., 2003).

[0145] These three vector systems differ in their integration patterns. The integration pattern of retroviruses is semi-
random and biased towards genes and their vicinity in approximately two-thirds of all integration events (Schroder et
al., 2002; Wu et al., 2003; Mitchell et al., 2004; De Palma et al., 2005; Trobridge et al., 2006). There are however subtle
and possibly significant differences in their exact distribution. Gamma-retroviruses have a propensity to integrate up-
stream of transcribed genes, whereas lentiviruses and lentiviral vectors target the entire transcribed gene sequence.
Foamy vectors appear to be less prone to intragenic integration (Trobridge et al., 2006). In one embodiment, the vector
comprising the expression cassette is a lentivirus vector. The vectors can be derived from human immunodeficiency-1
(HIV-1), human immunodeficiency-2 (HIV-2), simian immunodeficiency virus (SIV), feline immunodeficiency virus (FIV),
bovine immunodeficiency virus (BIV), Jembrana Disease Virus (JDV), equine infectious anemia virus (EIAV), caprine
arthritis encephalitis virus (CAEV) and the like. In one non-limiting embodiment, the lentiviral vector is an HIV vector.
HIV-based constructs are the most efficient at transduction of human cells.

[0146] The semi-random pattern of vector integration exposes patients to the risk of insertional oncogenesis when the
vector trans-activates a neighboring oncogene. This may result in clonal expansion (Ott et al, 2006; Cavazzana-Calvo
et al, 2010), myelodysplasia (Stein et al, 2010) or leukaemia (Hacein-Bey-Abina et al, 2003, 2008; Howe et al, 2008).
Targeted gene delivery strategies, utilizing a non-naturally occurring or engineered nuclease (including, but not limited
to, Zinc-finger nuclease (ZNFs), meganuclease, transcription activator-like effector nuclease (TALEN)), or a CRISPR-
Cas system, can reduce or even eliminate the concern of insertional oncogenesis that is inherent to the use of retroviral
vectors.

[0147] Eukaryotic cells utilize two distinct DNA repair mechanisms in response to DNA double strand breaks (DSBs):
Homologous recombination (HR) and non-homologous end-joining (NHEJ). The activation of the HR repair machinery
depends on the cell cycle status, and it is restricted to the S and G2 phases; in contrast, the NHEJ pathway is active
throughout the cell cycle. Mechanistically, HR is an error-free DNA repair mechanism, because it requires a homologous
template to repair the damaged DNA strand. On the other hand, NHEJ is a template-independent repair mechanism
that is imprecise, due to DNA end processing during repair that leads to insertions or deletions at the DNA break site
(Moynahan & Jasin, 2010). Because of its homology-based mechanism, HR has been used as a tool to site-specifically
engineer the genome of different species. From a therapeutic perspective, HR has been successfully used to repair
mutated genes, thus offering a promising approach to cell-mediated treatment of monogenic diseases (Porteus et al,
2006).

[0148] Gene targeting by HR requires the use of two homology arms that flank the transgene/target site of interest.
Generally, standard plasmid DNAs have been used to deliver 5-10 kb homology arms along with transgenes for positive
and negative selection. This method is commonly used to knock-out/knockin genes in mouse embryonic stem (mES)
cells (Capecchi, 2005; Fig 2B). In human cells, the use of this approach has allowed gene targeting with efficiencies in
the order of 106, which are lower than in mES cells and are not therapeutically practical. HR efficiency can be increased
by the introduction of DNA-doubled stranded breaks (DSBs) at the target site using specific rare-cutting endonucleases,
resulting in over 1,000-fold increase in correct gene targeting (Jasin, 1996). The discovery of this phenomenon prompted
the development of methods to create site-specific DSBs in the genome of different species. Various chimeric enzymes
have been designed for this purpose over the last decade, namely zinc-finger nucleases (ZFNs), meganucleases, and
transcription activator-like effector nucleases (TALENS).

[0149] ZFNs are modular chimeric proteins that contain a ZF-based DNA binding domain (DBD) and a Fokl nuclease
domain (Porteus & Carroll, 2005). DBD is usually composed of three ZF domains, each with 3-base pair specificity; the

47



10

15

20

25

30

35

40

45

50

55

EP 3 620 521 A1

Fokl nuclease domain provides a DNA nicking activity, which is targeted by two flanking ZFNs. Owing to the modular
nature of the DBD, any site in a genome could be targeted in principle. However, as a single ZFN can bind and nick
DNA, there is potential for a high number of off-target effects, resulting in the activation of the NHEJ pathway that may
either introduce insertions/deletions or integrate the targeting vector in a non-specific manner. Obligate Fokl domains
that can nick their respective DNA strand only when they form a heterodimer were recently reported (Doyon et al, 2011).
The use of such obligate ZFNs can reduce the genotoxic effects of this approach.

[0150] Meganucleases (MNs)/homing endonucleases (HEs) are dsDNA nucleases that recognize and cleave large
DNA sites (14-40 bp) with low cleavage frequencies in eukaryotic genomes (Paques & Duchateau, 2007). Although this
limits the potential target sites, MN-DNA structures have been used as a guide to specifically modify DNA-interacting
residues in order to change the MN specificity (Marcaida etal, 2010). I-Crel has been successfully engineered to generate
chimeric meganucleases that target the human XPC and RAG1 genes, and they have been shown to stimulate HR
activity in mammalian cells with no evident genotoxicity (Redondo et al, 2008; Grizot et al, 2009). The genotoxicity of
this approach will need to be compared to that of ZFNs and TALE nucleases.

[0151] TALENs are similar ZFN except that the DBD is derived from transcription activator-like effcetors (TALEs),
which are virulent factors used by phytopathogenic bacteria (Herbers, 1992). The TALE DBD is modular, and it is
composed of 34-residue repeats, and its DNA specificity is determined by the number and order of repeats (Herbers,
1992). Each repeat binds a single nucleotide in the target sequence through only two residues (Boch, 2011). The
advantage over ZFN technology is the rapid construction of DBDs.

[0152] A number of studies have used these chimeric enzymes to stimulate HR for either gene addition or gene repair
at their target site (Paques & Duchateau, 2007; Urnov et al, 2010). Porteus designed a ZFN to a half site sequence from
the human HBB that surrounds the sickle cell mutation nucleotide (Porteus, 2006). This ZFN targets the sequence and
stimulates HR at a chimeric DNA target when combined with a ZFN targeting the Zif268 binding site. There have been
recent advances in targeting genes in cord blood CD34* cells. Use of non-integrating lentiviruses to deliver ZFNs and
the donor DNA in these cells to target the CCR5 gene was reported in Lombardo et al, 2007. Lombardo et al, 2007
showed gene addition at this locus with correct targeting in 80% of the positively selected cells.

[0153] The presently disclosed subject matter provides a non-naturally occurring or engineered nuclease comprising
a presently disclosed expression cassette, as described above. Suitable nucleases include, but are not limited to, ZFNs,
meganucleases, and TALENs. A presently disclosed nuclease comprises a DNA binding domain and a nuclease cleavage
domain. The DNA binding domain of the nuclease can be engineered to bind to a sequence of choice, e.g., a predetermined
site. An engineered DNA binding domain can have a distinct binding specificity, compared to a naturally occurring
nuclease. Engineering methods include, but are not limited to, rational design and various types of selection. Any suitable
cleavage domain can be operatively linked to a DNA-binding domain to form a nuclease. For example, Zinc-finger protein
(ZFP) DNA-binding domains can be fused to nuclease cleavage domains to create ZFNs-a functional entity that is able
to recognize its intended nucleic acid target through its engineered ZFP DNA binding domain and cause the DNA to be
cut near the ZFP binding site via the nuclease activity. See, e.g., Kim et al. Proc Natl Acad Sci USA
(1996);93(3):1156-1160. Likewise, TALE DNA-binding domains can be fused to nuclease cleavage domains to create
TALENSs. See, e.g., U.S. Publication No. 20110301073.

[0154] The cleavage domain can be heterologous to the DNA-binding domain, e.g., a meganuclease DNA-binding
domain and cleavage domain from a different nuclease. Heterologous cleavage domains can be obtained from any
endonuclease or exonuclease. Exemplary endonucleases from which a cleavage domain can be derived include, but
are not limited to, restriction endonucleases and homing endonucleases. See, for example, 2002-2003 Catalog, New
England Biolabs, Beverly, Mass.; and Belfort et al. (1997) Nucleic Acids Res.25:3379-3388. Additional enzymes which
cleave DNA are known (e.g., S1 Nuclease; mung bean nuclease; pancreatic DNase |; micrococcal nuclease; yeast HO
endonuclease; see also Linn et al. (eds.) Nucleases, Cold Spring Harbor Laboratory Press, 1993). One or more of these
enzymes (or functional regions thereof) can be used as a source of cleavage domains and cleavage half-domains.
[0155] Similarly, a cleavage half-domain can be derived from the above-described nuclease that requires dimerization
for cleavage activity. In general, two fusion proteins are required for cleavage if the fusion proteins comprise cleavage
half-domains. Alternatively, a single protein comprising two cleavage half-domains can be used. The two cleavage half-
domains can be derived from the same endonuclease (or functional portions thereof), or each cleavage half-domain can
be derived from a different endonuclease (or functional portions thereof).

[0156] In certain embodiments, the nuclease comprises an expression cassette that comprises two of the above-
described insulators, e.g., two of the insulator having the nucleotide sequence set forth in SEQ ID NO:1. One of the two
insulators is positioned at the 3’ end of the expression cassette, and the other insulator is positioned at the 5’ end of the
expression cassette.

[0157] The presently disclosed subject matter also provides a non-naturally occurring or engineer CRISPR-Cas system
comprising the above-described expression cassette. The CRISPR (Clustered Regularly Interspaced Short Palindromic
Repeats)-Cas (CRISPR Associated) system is an engineered nuclease system based on a bacterial system that can
be used for genome engineering. It is based on part of the adaptive immune response of many bacteria and archea.
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When a virus or plasmid invades a bacterium, segments of the invader's DNA are converted into CRISPR RNAs (crRNA)
by the "immune" response. The crRNA then associates, through a region of partial complementarity, with another type
of RNA called tracrRNA to guide a CRISPR-Cas nuclease to a region homologous to the crRNA in the target DNA called
a "proto spacer". The CRISPR-Cas nuclease cleaves the DNA to generate blunt ends at the DSB at sites specified by
a 20-nucleotide guide sequence contained within the crRNA transcript. The CRISPR-Cas nuclease requires both the
crRNA and the tracrRNA for site specific DNA recognition and cleavage. This system has been engineered such that
the crRNA and tracrRNA can be combined into one molecule (the "single guide RNA"); and the crRNA equivalent portion
of the single guide RNA can be engineered to guide the CRISPR-Cas nuclease to target any desired sequence (see
Jinek et al., Science (2012);337:816-821). Thus, the CRISPR-Cas system can be engineered to create a DSB at a
desired target in a genome. In certain embodiments, the CRISPR-Cas system comprises a CRISPR-Cas nuclease and
a single-guide RNA. Suitable examples of CRISPR-Cas nucleases include, but are not limited to, Cas1, Cas1B, Cas2,
Cas3, Cas4, Casb, Cas6, Cas7, Cas8, Cas9 (also known as Csn1 and Csx12), Cas10, Csy1, Csy2, Csy3, Cse1, Cse2,
Csc1, Csc2, Csab, Csn2. Csm2, Csm3, Csm4, Csm5, Csm6, Cmr1, Cmr3, Cmr4, Cmr5, Cmr6, Csb1, Csb2, Csb3,
Csx17, Csx14, Csx10, Csx16, CsaX, Csx3, Csx1, Csx15, Csf1, Csf2, Csf3, Csf4, homologs thereof, or modified versions
thereof. These CRISPR-Cas nucleases are known; for example, the amino acid sequence of S. pyogenes Cas9 protein
may be found in the SwissProt database under accession number Q99ZW2. In some embodiments, the CRISPR-Cas
nuclease has DNA cleavage activity, e.g., Cas9. In certain embodiments, the CRISPR-Cas nuclease is Cas9. The
CRISPR-Cas nuclease can direct cleavage of one or both strands at the location of a target sequence (e.g., a genomic
safe harbor site). Additionally, the CRISPR-Cas nuclease can direct cleavage of one or both strands within about 1, 2,
3,4,5,6,7,8,9,10, 15, 20, 25, 50, 100, 200, 500, or more base pairs from the first or last nucleotide of a target sequence.
[0158] The presently disclosed nucleases and CRISPR-Cas system allow for targeted delivery of the expression
cassette. In certain embodiments, a presently disclosed CRISPR-Cas system or the DNA binding domain of a presently
disclosed nuclease binds to a genomic safe harbor site. A nuclease or the CRISPR-Cas system generates a double
strand break at the genomic safe harbor site. Genomic safe harbor sites are intragenic or extragenic regions of the
human genome that are able to accommodate the predictable expression of newly integrated DNA without adverse
effects on the host cell or organism. A useful safe harbor must permit sufficient transgene expression to yield desired
levels of the vector-encoded protein or non-coding RNA. A genomic safe harbor site also must not predispose cells to
malignant transformation nor alter cellular functions. Methods for identifying genomic safe harbor sites are described in
Sadelain et al., "Safe Harbours for the integration of new DNA in the human genome," Nature Reviews (2012);12:51-58;
Papapetrou et al., "Genomic safe harbors permit high B-globin transgene expression in thalassemia induced pluripotent
stem cells" Nat Biotechnol. (2011) Jan;29(1):73-8, which are incorporated by reference in their entireties. A presently
disclosed genomic safe harbor site meets one or more (one, two, three, four, or five) of the following five criteria: (1)
distance of at least 50 kb from the 5’ end of any gene (e.g., from the 5’ end of the gene), (ii) distance of at least 300 kb
from any cancer-related gene, (iii) within an open/accessible chromatin structure (measured by DNA cleavage with
natural or engineered nucleases), (iv) location outside a gene transcription unit and (v) location outside ultraconserved
regions (UCRs), microRNA or long non-coding RNA of the human genome. As the most common insertional oncogenesis
event is transactivation of neighboring tumor-promoting genes, the first two criteria exclude the portion of the human
genome located near promoters of genes, in particular, cancer-related genes, which are genes functionally implicated
in human cancers or the human homologs of genes implicated in cancer in model organisms. Proximity to miRNA genes
is one exclusion criterion because miRNAs are implicated in the regulation of many cellular processes, including cell
proliferation and differentiation. As vector integration within a transcription unit can disrupt gene function through the
loss of function of a tumor suppressor gene or the generation of an aberrantly spliced gene product, the fourth (iv)
criterion excludes all sites located inside transcribed genes. UCRs, which are regions that are highly conserved over
multiple vertebrates and known to be enriched for enhancers and exons, and long non-coding RNAs, are also excluded.
In certain embodiments, the genomic safe harbor site is an extragenic genomic safe harbor site. In certain embodiments,
the genomic safe harbor site is located on chromosome 1.

[0159] The presently disclosed subject matter also provides polynucleotides encoding the above-described nucleases,
vectors comprising the polynucleotides encoding the above-described nucleases, polynucleotides encoding the above-
described CRISPR-Cas system, and vectors comprising the polynucleotides encoding the above-described CRISPR-
Cas system.

[0160] The nucleases and polynucleotides encoding these nucleases, and the CRISPR-Cas system and polynucle-
otides encoding the CRISPR-Cas system can be delivered in vivo or ex vivo by any suitable means. For example,
nucleases and CRISPR-Cas system as described herein can be delivered to a cell (e.g., a hematopoietic stem cell, an
embryonic stem cell, an induced pluripotent stem cell, or an hemogenic endothelium cell) by a vector comprising poly-
nucleotides encoding the nuclease or the CRISPR-Cas system. Any vectors can be used including, but not limited to,
plasmid vectors, retroviral vectors (e.g., y-retroviral vectors, lentiviral vectors and foamy viral vectors), adenovirus vectors,
poxvirus vectors; herpes virus vectors and adena-associated virus vectors, efc. In one embodiment, the vector comprising
a polynucleotide encoding an above-described nuclease or an above-described CRISPR-Cas system is a lentiviral
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vector. In one particular embodiment, the lentiviral vector is a non-integrating lentiviral vector. Examples of non-integrating
lentiviral vector are described in Ory etal. (1996) Proc. Natl. A cad. Sci. USA 93:11382-11388; Dull et al., (1998) J. Viral.
72:8463-8471; Zuffery et al. (1998) J. Viral. 72:9873-9880; Follenzi et al., (2000) Nature Genetics 25:217-222; U.S.
Patent Publication No 2009/054985.

[0161] Additionally, non-viral approaches can also be employed for the expression of a globin gene in cells. For
example, a nucleic acid molecule can be introduced into a cell by administering the nucleic acid in the presence of
lipofection (Feigner et al., Proc. Natl. Acad. Sci. U.S.A. 84:7413, 1987; Ono et al., Neuroscience Letters 17:259, 1990;
Brigham et al., Am. J. Med. Sci. 298:278, 1989; Staubinger et al., Methods in Enzymology 101:512, 1983), asialooro-
somucoid-polylysine conjugation (Wu et al., Journal of Biological Chemistry 263:14621 , 1988; Wu et al., Journal of
Biological Chemistry 264:16985, 1989), or by micro-injection under surgical conditions (Wolff et al., Science 247:1465,
1990). Other non-viral means for gene transfer include transfection in vitro using calcium phosphate, DEAE dextran,
electroporation, and protoplast fusion. Liposomes can also be potentially beneficial for delivery of DNA into a cell.
Transplantation of normal genes into the affected tissues of a subject can also be accomplished by transferring a normal
nucleic acid into a cultivatable cell type ex vivo (e.g., an autologous or heterologous primary cell or progeny thereof),
after which the cell (or its descendants) are injected into a targeted tissue or are injected systemically. Recombinant
receptors can also be derived or obtained using transposases. Transient expression may be obtained by RNA electro-
poration.

IV. Cells

[0162] Genetic modification of cells (e.g., hematopoietic stem cells, embryonic stem cells, induced pluripotent stem
cells, and hemogenic endothelium cells) can be accomplished by transducing a substantially homogeneous cell com-
position with a recombinant DNA or RNA construct (e.g., a vector or a delivery system comprising the above-described
expression cassette). The presently disclosed subject matter provides cells transduced with the above-described ex-
pression cassettes, cells transduced with the above-described vectors, and cells transduced with the above-described
nucleases or with vectors comprising polynucleotides encoding the nucleases, and cell transduced with the above-
described CARISPR-Cas system or with vectors comprising polynucleotides encoding the CARISPR-Cas system, which
are collectively referred to as "transduced cells". As described above, the vectors, nucleases and CRISPR-Cas system
are employed for transduction of the expression cassette to the cells to express a globin gene (e.g., a human B-globin
gene). In certain embodiments, the transduced cells are administered to a subject to treat and/or prevent a hematopoietic
disease, disorder, or condition. The presently disclosed insulators can enhance the efficiency of the transduction of the
the expression cassette to cells.

[0163] Suitable transduced cells include, but are not limited to, stem cells, progenitor cells, and differentiated cells.
As used herein, the term "progenitor" or "progenitor cells" refers to cells that have the capacity to self-renew and to
differentiate into more mature cells. Progenitor cells have a reduced potency compared to pluripotent and multipotent
stem cells. Many progenitor cells differentiate along a single lineage, but may also have quite extensive proliferative
capacity.

[0164] In certain embodiments, the transduced cells are stem cells. Stem cells have the ability to differentiate into the
appropriate cell types when administered to a particular biological niche, in vivo. A stem cell is an undifferentiated cell
capable of (1) long term self -renewal, or the ability to generate at least one identical copy of the original cell, (2)
differentiation at the single cell level into multiple, and in some instance only one, specialized cell type and (3) of in vivo
functional regeneration of tissues. Stem cells are sub-classified according to their developmental potential as totipotent,
pluripotent, multipotent and oligo/unipotent. As used herein, the term "pluripotent” means the ability of a cell to form all
lineages of the body or soma (i.e., the embryo proper). For example, embryonic stem cells are a type of pluripotent stem
cells that are able to form cells from each of the three germs layers, the ectoderm, the mesoderm, and the endoderm.
As used herein, the term "multipotent” refers to the ability of an adult stem cell to form multiple cell types of one lineage.
For example, hematopoietic stem cells are capable of forming all cells of the blood cell lineage, e.g., lymphoid and
myeloid cells.

[0165] In certain embodiments, the transduced cells are embryonic stem cells, bone marrow stem cells, umbilical cord
stem cells, placental stem cells, mesenchymal stem cells, neural stem cells, liver stem cells, pancreatic stem cells,
cardiac stem cells, kidney stem cells, and/or hematopoietic stem cells. In one embodiment, the transduced cells are
hematopoietic stem cells (HSCs). HSCs give rise to committed hematopoietic progenitor cells (HPCs) that are capable
of generating the entire repertoire of mature blood cells over the lifetime of an organism. The term "hematopoietic stem
cell" or "HSC" refers to multipotent stem cells that give rise to all blood cell types of an organism, including myeloid (e.g.,
monocytes and macrophages, neutrophils, basophils, eosinophils, erythrocytes, megakaryocytes/platelets, dendritic
cells), and lymphoid lineages (e.g., T-cells, B-cells, NK-cells). When transplanted into lethally irradiated animals or
humans, hematopoietic stem and progenitor cells can repopulate the erythroid, neutrophil-macrophage, megakaryocyte
and lymphoid hematopoietic cell pool.
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[0166] HSCs can be isolated or collected from bone marrow, umbilical cord blood, or peripheral blood. HSCs can be
identified according to certain phenotypic or genotypic markers. For example, HSCs can be identified by their small size,
lack of lineage (lin) markers, low staining (side population) with vital dyes such as rhodamine 123 (rhodamineDULL,
also called rholo) or Hoechst 33342, and presence of various antigenic markers on their surface, many of which belong
to the cluster of differentiation series (e.g., CD34, CD38, CD90, CD133, CD105, CD45, Terl 19, and c-kit, the receptor
for stem cell factor). In one embodiment, the transduced cell is a CD34* HSC.

[0167] In one embodiment, the transduced cell is an embryonic stem cell. In another embodiment, the transduced cell
is an induced pluripotent stem cell. In yet another embodiment, the transduced cell is a hemogenic endothelium cell.
[0168] While HSCs are the natural vehicle for restoring long-term hematopoiesis, their use has some important limi-
tations. The first is their relative scarcity, which can eventually preclude autologous HSC therapy when the harvested
cellular product is too small. The second is the difficulty to perform biosafety testing such as integration site analysis
and consequently to select cells with chosen integration sites, because adult HSCs cannot be replicated in vitro. The
third limitation is that homologous recombination using current technologies is practically impossible thus compromising
the advent of gene correction. All of these limitations are ultimately due to the fact that adult HSCs cannot be expanded
in vitro without losing their stem cell potency. These limitations explain the critical importance of viral vectors such as
gamma-retroviral and lentiviral vectors, which are remarkably quick and efficient in achieving stable gene transfer. This
is essential when dealing with HSCs that are only available in limited quantities.

[0169] Use of ESs and induced pluripotent stem (iPS) cells for globin gene therapy is disclosed in Moi et al., Haematol
March 1, 2008;93(3):325-330. Embryonic stem (ES) cells are amenable to gene targeting and correction, which requires
unlimited in vitro cell division without losing multipotency. Chang et al., Proc Natl Acad Sci USA 2006;103:1036-40
provided proof of principle of the feasibility of the homologous recombination approach in mice with sickle cell anemia.
Takahashi et al. Cell 2006;126:663-76 reported the successful reprogramming of fibroblasts to an embryonic stem-like
state. Cells obtained by this reverse-differentiation process, called induced pluripotent stem (iPS) cells, were produced
by exposing embryonic or young adult bulk fibroblast cultures to gamma-retroviral vectors encoding 4 transcription
factors, which are physiologically active in the embryonic stem cells, but generally turned off when differentiation progress-
es. The cultured cells formed colonies similar to ES cell colonies. These findings have been confirmed and extended
by others to both mouse and human fibroblasts (Meissner et al., Nat Biotechnol 2007;25:1177-81; Nakagawa et al., Nat
Biotechnol 2007;26:101-6; Okita et al., Nature 2007; 448:313-7; Park et al., Nature 2007;451:141-6; Takahashi et al.,
Nat Protoc 2007;2:3081-9; Takahashi K et al., Cell 2007;131:861-72; Wernig et al., Nature 2007;448:318-24; Yu J et
al., Science 2007;318: 1917-20). Rudolf Jaenisch and co-workers achieved a successful gene therapy in a mouse model
of sickle cell disease, using homologous recombination in ES-like iPS cells (Hanna et al., Science 2007;318:1920-3).
The process has so far been mostly applied to fibroblast harvested from a skin biopsy, which are then induced to become
iPS by transduction with retroviral vectors that encode four stem cell transcription factors. iPS are amenable to the
correction of the SC mutation by standard homologous recombination techniques and can then be differentiated in vitro
into unlimited amounts of hematopoietic stem cells. The whole process ends with the autologous transplantation of the
corrected HSC into the original mouse donor, which will now be cured of its SC disease. This technique is not only useful
for homologous recombination, but can also enhance lentiviral-mediated globin gene transfer for the treatment of -
thalassemia by providing a means to perform detailed integration site analysis and adequate in vitro cell expansion
before infusing cells into the recipient.

[0170] The cell of the presently disclosed subject matter can be autologous ("self') or non-autologous ("non-self," e.g.,
allogeneic, syngeneic or xenogeneic). As used herein, "autologous" refers to cells from the same subject. As used
herein, "allogeneic" refers to cells of the same species that differ genetically to the cell in comparison. As used
herein, "syngeneic" refers to cells of a different subject that are genetically identical to the cell in comparison. As used
herein, "xenogeneic" refers to cells of a different species to the cell in comparison. In certain embodiments, the cell is
autologous, e.g., a cell transduced with the presently disclosed expression cassette is administered to a subject from
whom the cell is collected, e.g., the cell is collected from bone marrow, umbilical cord blood, peripheral blood, and/or
adipose tissue of the subject. In certain embodiments, the cell is obtained or collected from bone marrow of a subject.
[0171] In certain embodiments, prior to transduction with the expression cassette, the cell is pre-stimulated, e.g., in
the presence of one or more cytokines (e.g., IL-3, IL-1a, IL-6, Kit ligand (also known as "Stem Cell Factor (SCF)"), and
Fit-3 ligand), and/or one or more glycoproteins (e.g., thrombopoietin and fibronectin). In one non-limiting example, the
cell is pre-stimulated in the presence of Flt-3 ligand, SCF, thrombopoietin, interleukin-3, and fibronectin. The cell can
be pre-stimulated for about 24 hours or longer, e.g., about 48 hours, or about 36 hours. Subsequently, the cell is
transduced with a presently disclosed expression cassette, or a vector or another delivery system comprising such
expression cassette. Transduction can be performed on a fresh cell, or on a frozen cell. Genomic DNA of the cell is
isolated to determine the vector copy number and analyze the integration site or integrated vector structure, e.g., by
South blot analysis and/or by Quantitative PCR. For quantification of globin mRNA (e.g., human B-globin transgene
analysis), total RNA is extracted from the cell. Quantitative primer extension assay can be used for quantification of
globin mRNA.
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V. Compositions and Formulations

[0172] The presently disclosed subject matter provides pharmaceutical compositions comprising a presently disclosed
transduced cell as described above and a pharmaceutically acceptable carrier. As used herein, "pharmaceutically ac-
ceptable carrier" includes any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like that are physiologically compatible, including pharmaceutically acceptable
cell culture media. The pharmaceutically acceptable carrier can be suitable for parenteral (e.g., intravenous, intramus-
cular, subcutaneous, or intraperitoneal), spinal or epidermal administration (e.g., by injection, infusion or implantation).
Depending on the route of administration, the active compound, e.g., the transduced cell, may be coated in a material
to protect the compound from the action of acids and other natural conditions that may inactivate the compound.
[0173] Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions and sterile powders for
the extemporaneous preparation of sterile injectable solutions or dispersion. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any conventional media or agent is
incompatible with the transduced cells, use thereof in the pharmaceutical compositions of the invention is contemplated.
[0174] The pharmaceutical compositions of the presently disclosed subject matter can further comprise one or more
polypeptides, polynucleotides, vectors comprising the same, transduced cells, efc., as described herein, formulated in
pharmaceutically-acceptable or physiologically- acceptable solutions for administration to a cell or an animal, either
alone, or in combination with one or more other modalities of therapy. If desired, the pharmaceutical compositions of
the presently disclosed subject matter can be administered in combination with other agents, including, but not limited
to, cytokines, growth factors, hormones, small molecules or various pharmaceutically-active agents. Any additional
agents that do not adversely affect the ability of the composition to deliver the intended gene therapy can be included
in the compositions.

[0175] In the pharmaceutical compositions of the presently disclosed subject matter, formulation of pharmaceutically-
acceptable excipients and carrier solutions is well known to those of ordinary skill in the art, as is the development of
suitable dosing and treatment regimens for using the particular compositions described herein in a variety of treatment
regimens, including, e.g., oral, parenteral, intravenous, intranasal, and intramuscular administration and formulation.
[0176] The pharmaceutical compositions of the presently disclosed subject matter can be delivered parenterally (e.g.,
intravenously, intramuscularly, or intraperitoneally) as described, for example, in U.S. Pat. No. 5,543,158; U.S. Pat. No.
5,641,515 and U.S. Pat. No. 5,399,363. Solutions of the active compounds as free base or pharmacologically acceptable
salts may be prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions may also
be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of storage
and use, these preparations contain a preservative to prevent the growth of microorganisms.

[0177] Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions and sterile powders for
the extemporaneous preparation of sterile injectable solutions or dispersion. The use of such media and agents for
pharmaceutically active substances is known in the art. Exceptinsofar as any conventional media or agentis incompatible
with the active compound, use thereof in the pharmaceutical compositions of the invention is contemplated. Supple-
mentary active compounds can also be incorporated into the compositions.

[0178] Therapeutic compositions typically must be sterile and stable under the conditions of manufacture and storage.
The composition can be formulated as a solution, microemulsion, liposome, or other ordered structure suitable to high
drug concentration. The pharmaceutically acceptable carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and the like),
and suitable mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating such as lecithin,
by the maintenance of the required particle size in the case of dispersion and by the use of surfactants. In many cases,
it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, or sodium
chloride in the composition. Prolonged absorption of the injectable compositions can be brought about by including in
the composition an agent that delays absorption, for example, monostearate salts and gelatin.

[0179] The pharmaceutical compositions of the presently disclosed subject matter can be conveniently provided as
sterile liquid preparations, e.g., isotonic aqueous solutions, suspensions, emulsions, dispersions, or viscous composi-
tions, which can be buffered to a selected pH. Liquid preparations are normally easier to prepare than gels, other viscous
compositions, and solid compositions. Additionally, liquid compositions are somewhat more convenient to administer,
especially by injection. Viscous compositions, on the other hand, can be formulated within the appropriate viscosity
range to provide longer contact periods with specific tissues. Liquid or viscous compositions can comprise carriers,
which can be a solvent or dispersing medium containing, for example, water, saline, phosphate buffered saline, polyol
(for example, glycerol, propylene glycol, liquid polyethylene glycol, and the like) and suitable mixtures thereof.

[0180] Sterile injectable solutions can be prepared by incorporating the compositions of the presently disclosed subject
matter in the required amount of the appropriate solvent with various amounts of the other ingredients, as desired. Such
compositions may be in admixture with a suitable carrier, diluent, or excipient such as sterile water, physiological saline,
glucose, dextrose, or the like. The compositions can also be lyophilized. The compositions can contain auxiliary sub-
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stances such as wetting, dispersing, or emulsifying agents (e.g., methylcellulose), pH buffering agents, gelling or viscosity
enhancing additives, preservatives, flavoring agents, colors, and the like, depending upon the route of administration
and the preparation desired. Standard texts, such as "REMINGTON’'S PHARMACEUTICAL SCIENCE", 17th edition,
1985, incorporated herein by reference, may be consulted to prepare suitable preparations, without undue experimen-
tation.

[0181] Various additives which enhance the stability and sterility of the compositions, including antimicrobial preserv-
atives, antioxidants, chelating agents, and buffers, can be added. Prevention of the action of microorganisms can be
ensured by various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, and
the like. Prolonged absorption of the injectable pharmaceutical form can be brought about by the use of agents delaying
absorption, for example, alum inurn monostearate and gelatin.

[0182] The compositions can be isotonic, i.e., they can have the same osmotic pressure as blood and lacrimal fluid.
The desired isotonicity of the compositions of the presently disclosed subject matter can be accomplished using sodium
chloride, or other pharmaceutically acceptable agents such as dextrose, boric acid, sodium tartrate, propylene glycol or
other inorganic or organic solutes. Sodium chloride is preferred particularly for buffers containing sodium ions.

[0183] For parenteral administration in an aqueous solution, for example, the solution should be suitably buffered if
necessary and the liquid diluent first rendered isotonic with sufficient saline or glucose. Sterile injectable solutions can
be prepared by incorporating the active compound in the required amount in an appropriate solvent with one or a
combination of ingredients enumerated above, as required, followed by sterilization micro filtration. Generally, dispersions
are prepared by incorporating the active compound into a sterile vehicle that contains a basic dispersion medium and
the required other ingredients from those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are vacuum drying and freeze-drying (lyophilization) that yield
a powder of the active ingredient plus any additional desired ingredient from a previously sterile-filtered solution thereof.
[0184] Incertain embodiments, the compositions can be delivered by intranasal sprays, inhalation, and/or other aerosol
delivery vehicles. Methods for delivering genes, polynucleotides, and peptide compositions directly to the lungs via nasal
aerosol sprays are described, e.g., in U.S. Pat. No. 5,756,353 and U.S. Pat. No. 5,804,212. Methods of delivering drugs
using lysophosphatidyl-glycerol compounds are described, e.g., in U.S. Pat. No. 5,725,871. Transmucosal drug delivery
in the form of a polytetrafluoroetheylene support matrix is described, e.g., in U.S. Pat. No. 5,780,045. The compositions
of the presently disclosed subject matter can be formulated for delivery either encapsulated in a lipid particle, a liposome,
a vesicle, a nanosphere, a nanoparticle or the like. The formulation and use of such delivery vehicles can be carried out
using known and conventional techniques. The formulations and compositions of the presently disclosed subject matter
can comprise one or more repressors and/or activators comprising a combination of any number of polypeptides, poly-
nucleotides, and small molecules, as described herein, formulated in pharmaceutically-acceptable or physiologically-
acceptable solutions (e.g., culture medium) for administration to a cell or an animal, either alone, or in combination with
one or more other modalities of therapy.

[0185] In certain aspects, the presently disclosed subject matter provides formulations or compositions suitable for
the delivery of viral vector systems (i.e., viral-mediated transduction) including, but not limited to, retroviral (e.g., lentiviral)
vectors. Exemplary formulations for ex vivo delivery can also include the use of various transfection agents known in
the art, such as calcium phosphate, electoporation, heat shock and various liposome formulations (i.e., lipid-mediated
transfection). Liposomes are lipid bilayers entrapping a fraction of aqueous fluid. DNA spontaneously associates to the
external surface of cationic liposomes (by virtue of its charge) and these liposomes will interact with the cell membrane.
[0186] The skilled artisan can readily determine the amount of cells and optional additives, vehicles, and/or carrier in
compositions and to be administered in methods of the presently disclosed subject matter. Typically, any additives (in
addition to the transduced cell(s) and/or agent(s)) are present in an amount of from about 0.001% to about 50% by
weight) solution in phosphate buffered saline, and the active ingredient is present in the order of micrograms to milligrams,
such as from about 0.0001 wt% to about 5 wt %, from about 0.0001 wt% to about 1 wt %, from about 0.0001 wt% to
about 0.05 wt%, from about 0.001 wt% to about 20 wt %, from about 0.01 wt% to about 10 wt %, or from about 0.05
wt% to about 5 wt %. For any composition to be administered to an animal or human, and for any particular method of
administration, toxicity should be determined, such as by determining the lethal dose (LD) and LD50 in a suitable animal
model e.g., rodent such as mouse; and, the dosage of the composition(s), concentration of components therein and
timing of administering the composition(s), which elicit a suitable response. Such determinations do not require undue
experimentation from the knowledge of the skilled artisan, this disclosure and the documents cited herein. And, the time
for sequential administrations can be ascertained without undue experimentation.

VI. Uses and Methods
[0187] Vectors and other delivery systems (nucleases and CRISPR-Cas systems) comprising the presently disclosed

expression cassette provide improved methods of gene therapy. As used herein, the term "gene therapy" refers to the
introduction of a polynucleotide into a cell's genome that restores, corrects, or modifies the gene and/or expression of
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the gene. In various non-limiting embodiments, a presently disclosed vector or other delivery system (e.g., a nuclease
or a CRISPR-Cas system) comprises an expression cassette comprising a globin gene or a functional portion thereof
that encodes a globin protein (e.g., human f globin protein), which provides curative, preventative, or ameliorative
benefits to a subject diagnosed with or that is suspected of having a disease, disorder, or condition of the hematopoietic
system. The vector or other delivery systems (e.g., a nuclease and the CRISPR-Cas system) can infect and transduce
the cell in vivo, ex vivo, or in vitro. In ex vivo and in vitro embodiments, the transduced cells can then be administered
to a subject in need of therapy. The presently disclosed subject matter contemplates that the vectors and other delivery
systems (e.g., nucleases or CRISPR-Cas systems), viral particles, and transduced cells of the presently disclosed subject
matter are be used to treat, prevent, and/or ameliorate a disease, disorder, or condition of the hematopoietic system in
a subject, e.g., a hemoglobinopathy.

[0188] As used herein, the term "hemoglobinopathy" or "hemoglobinopathic condition" includes any disorder involving
the presence of an abnormal hemoglobin molecule in the blood. Examples of hemoglobinopathies included, but are not
limited to, hemoglobin C disease, hemoglobin sickle cell disease (SCD), sickle cell anemia, and thalassemias. Also
included are hemoglobinopathies in which a combination of abnormal hemoglobins are present in the blood (e.g., sickle
cell/Hb-C disease).

[0189] As used herein, "thalassemia” refers to a hereditary disorder characterized by defective production of hemo-
globin. Examples of thalassemias include o- and B-thalassemia. B-thalassemias are caused by a mutation in the beta
globin chain, and can occur in a major or minor form. In the major form of B-thalassemia, children are normal at birth,
but develop anemia during the first year of life. The mild form of -thalassemia produces small red blood cells and the
thalassemias are caused by deletion of a gene or genes from the globin chain. a-thalassemia typically results from
deletions involving the HBA1 and HBA2 genes. Both of these genes encode a-globin, which is a component (subunit)
of hemoglobin. There are two copies of the HBA1 gene and two copies of the HBA2 gene in each cellular genome. As
a result, there are four alleles that produce a-globin. The different types of a thalassemia result from the loss of some
or all of these alleles. Hb Bart syndrome, the most severe form of a thalassemia, results from the loss of all four a-globin
alleles. HbH disease is caused by a loss of three of the four [alpha]-globin alleles. In these two conditions, a shortage
of [alpha]-globin prevents cells from making normal hemoglobin. Instead, cells produce abnormal forms of hemoglobin
called hemoglobin Bart (Hb Bart) or hemoglobin H (HbH). These abnormal hemoglobin molecules cannot effectively
carry oxygen to the body’s tissues. The substitution of Hb Bart or HbH for normal hemoglobin causes anemia and the
other serious health problems associated with a thalassemia.

[0190] As used herein, the term "sickle cell disease" refers to a group of autosomal recessive genetic blood disorders,
which results from mutations in a globin gene and which is characterized by red blood cells that assume an abnormal,
rigid, sickle shape. They are defined by the presence of S-gene coding for a B-globin chain variant in which glutamic
acid is substituted by valine at amino acid position 6 of the peptide, and second B-gene that has a mutation that allows
for the crystallization of HbS leading to a clinical phenotype. As used herein, the term "sickle cell anemia" refers to a
specific form of sickle cell disease in patients who are homozygous for the mutation that causes HbS. Other common
forms of sickle cell disease include HbS/B-thalassemia, HbS/HbC and HbS/HbD.

[0191] In certain embodiments, gene therapy methods of the presently disclosed subject mater are used to treat,
prevent, or ameliorate a hemoglobinopathy that is selected from the group consisting of: hemoglobin C disease, hemo-
globin sickle cell disease (SCD), sickle cell anemia, hereditary anemia, thalassemia, B-thalassemia, thalassemia major,
thalassemia intermedia, a-thalassemia, and hemoglobin H disease. In one non-limiting embodiment, the hemoglobin-
opathy is B-thalassemia. In another non-limiting embodiment, the hemoglobinopathy is sickle cell anemia

[0192] In various non-limiting embodiments, vectors or other delivery systems (e.g., nucleases or CRISPR-Cas sys-
tems) comprising a presently disclosed expression cassette are administered by direct injection to a cell, tissue, or organ
of a subject in need of gene therapy, in vivo. In various other embodiments, cells are transduced in vitro or ex vivo with
vectors or other delivery systems (e.g., nucleases or CRISPR-Cas systems) of the presently disclosed subject matter,
and optionally expanded ex vivo. The transduced cells are then administered to a subject in need of gene therapy, e.g.,
within a pharmaceutical formulation disclosed herein.

[0193] The presently disclosed subject matter provides a method of providing a transduced cell to a subject. In various
non-limiting embodiments, the method comprises administering (e.g., parenterally) one or more cells (a population of
cells) transduced with a presently disclosed expression cassette or a vector or another delivery system (e.g., a nuclease
or CRISPR-Cas system) comprising such expression cassette to the subject.

[0194] The presently disclosed subject matter provides a method of treating a hemoglobinopathy in a subject. In
various non-limiting embodiments, the method comprises administering an effective amount of a presently disclosed
transduced cell or a population of the presently disclosed transduced cells (e.g., HSCs, embryonic stem cells, or iPSCs)
to the subject.

[0195] For treatment, the amount administered is an amount effective in producing the desired effect. An effective
amount can be provided in one or a series of administrations. An effective amount can be provided in a bolus or by
continuous perfusion. An "effective amount" (or "therapeutically effective amount") is an amount sufficient to affect a
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beneficial or desired clinical result upon treatment. An effective amount can be administered to a subject in one or more
doses. In terms of treatment, an effective amount is an amount that is sufficient to palliate, ameliorate, stabilize, reverse
or slow the progression of the disease, or otherwise reduce the pathological consequences of the disease. The effective
amount is generally determined by the physician on a case-by-case basis and is within the skill of one in the art. Several
factors are typically taken into account when determining an appropriate dosage to achieve an effective amount. These
factors include age, sex and weight of the subject, the condition being treated, the severity of the condition and the form
and effective concentration of the immunoresponsive cells administered.

[0196] Inone non-limiting example, following administration of one or more of the presently disclosed transduced cells,
peripheral blood of the subject is collected and hemoglobin levels is measured. A therapeutically relevant level of he-
moglobin is produced following administration of one or more of the presently disclosed transduced cells. Therapeutically
relevant level of hemoglobin is a level of hemoglobin that is sufficient (1) to improve or correct anemia, (2) to restore the
ability of the subject to produce red blood cells containing normal hemoglobin, (3) to correct ineffective erythropoiesis
in the subject, (4) to correct extra-medullary hematopoiesis (e.g., splenic and hepatic extra-medullary hematopoiesis),
and/or (5) to reduce iron accumulation, e.g., in peripheral tissues and organs. Therapeutically relevantlevel of hemoglobin
can be at least about 7 g/dL Hb, at least about 7.5 g/dL Hb, at least about 8 g/dL Hb, at least about 8.5 g/dL Hb, at least
about 9 g/dL Hb, at least about 9.5 g/dL Hb, at least about 10 g/dL Hb, at least about 10.5 g/dL Hb, at least about 11
g/dL Hb, at least about 11.5 g/dL Hb, at least about 12 g/dL Hb, at least about 12.5 g/dL Hb, at least about 13 g/dL Hb,
at least about 13.5 g/dL Hb, at least about 14 g/dL Hb, at least about 14.5 g/dL Hb, or at least about 15 g/dL Hb.
Additionally or alternatively, therapeutically relevant level of hemoglobin can be from about 7 g/dL Hb to about 7.5 g/dL
Hb, from about 7.5 g/dL Hb to about 8 g/dL Hb, from about 8 g/dL Hb to about 8.5 g/dL Hb, from about 8.5 g/dL Hb to
about 9 g/dL Hb, from about 9 g/dL Hb to about 9.5 g/dL Hb, from about 9.5 g/dL Hb to about 10 g/dL Hb, from about
10 g/dL Hb to about 10.5 g/dL Hb, from about 10.5 g/dL Hb to about 11 g/dL Hb, from about 11 g/dL Hb to about 11.5
g/dL Hb, from about 11.5 g/dL Hb to about 12 g/dL Hb, from about 12 g/dL Hb to about 12.5 g/dL Hb, from about 12.5
g/dL Hb to about 13 g/dL Hb, from about 13 g/dL Hb to about 13.5 g/dL Hb, from about 13.5 g/dL Hb to about 14 g/dL
Hb, from about 14 g/dL Hb to about 14.5 g/dL Hb, from about 14.5 g/dL Hb to about 15 g/dL Hb, from about 7 g/dL Hb
to about 8 g/dL Hb, from about 8 g/dL Hb to about 9 g/dL Hb, from about 9 g/dL Hb to about 10 g/dL Hb, from about 10
g/dL Hb to about 11 g/dL Hb, from about 11 g/dL Hb to about 12 g/dL Hb, from about 12 g/dL Hb to about 13 g/dL Hb,
from about 13 g/dL Hb to about 14 g/dL Hb, from about 14 g/dL Hb to about 15 g/dL Hb, from about 7 g/dL Hb to about
9 g/dL Hb, from about 9 g/dL Hb to about 11 g/dL Hb, from about 11 g/dL Hb to about 13 g/dL Hb, or from about 13 g/dL
Hb to about 15 g/dL Hb. In certain embodiments, the therapeutically relevant level of hemoglobin is maintained in the
subject for at least about 6 months, for at least about 12 months (or 1 year), for at least about 24 months (or 2 years).
In certain embodiments, the therapeutically relevant level of hemoglobin is maintained in the subject for up to about 6
months, for up to about 12 months (or 1 year), for up to about 24 months (or 2 years). In certain embodiments, the
therapeutically relevant level of hemoglobin is maintained in the subject for about 6 months, for about 12 months (or 1
year), for about 24 months (or 2 years). In certain embodiments, the therapeutically relevant level of hemoglobin is
maintained in the subject for from about 6 months to about 12 months (e.g., from about 6 months to about 8 months,
from about 8 months to about 10 months, from about 10 months to about 12 months), from about 12 months to about
18 months (e.g., from about 12 months to about 14 months, from about 14 months to about 16 months, or from about
16 months to about 18 months), or from about 18 months to about 24 months (e.g., from about 18 months to about 20
months, from about 20 months to about 22 months, or from about 22 months to about 24 months).

[0197] In certain embodiments, the method comprises administering one or more cells transduced with a recombinant
vector comprising a presently disclosed expression cassette as described above. The vector copy number of the re-
combinant vector in the cells that provide for the therapeutically relevant level of hemoglobin (e.g., 9-10 g/dL) in the
subject is from about 0.5 to about 2, from about 0.5 to about 1, or from about 1 to about 2 vector copy number per cell.
In certain embodiments, the vector copy number of the presently disclosed vector is about 0.5, about 0.6, about 0.7,
about 0.8, about 0.9, about 1.0, about 1.1, about 1.2, about 1.3, about 1.4, about 1.5, about 1.6, about 1.7, about 1.8,
about 1.9, or about 2.0 vector copy number per cell.

[0198] In certain embodiments, the subject lacks a human leukocyte antigen (HLA)-matched donor. In certain embod-
iments, the transduced cell is from the same subject. In one embodiment, the transduced cell is from bone marrow of
the same subject. Thus, administration of the transduced cells do not incur the risk of graft-versus host disease in the
subject. The method does not require immune suppression to prevent graft rejection, e.g., the method does not comprise
administering an immunosuppressive agent to the subject.

[0199] The present disclosed subject matter also provides a method of increasing the proportion of red blood cells or
erythrocytes compared to white blood cells or leukocytes in a subject. In various non-limiting embodiments, the method
comprises administering an effective amount of a presently disclosed transduced cell or a population of the presently
disclosed transduced cells (e.g., HSCs, embryonic stem cells, or iPSCs) to the subject, wherein the proportion of red
blood cell progeny cells of the hematopoietic stem cells are increased compared to white blood cell progeny cells of the
hematopoietic stem cells in the subject.
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[0200] Without wishing to be bound to any particular theory, an important advantage provided by the expression
cassette, vectors and other delivery systems (e.g., nucleases and CRISPR-Cas systems), compositions, and methods
of the presently disclosed subject is the high efficacy of globin gene therapy that can be achieved by administering
populations of cells comprising lower percentages of transduced cells compared to existing methods. This provides
important safety advantages associated with reduced chances of deleterious mutation, transformation, or oncogene
activation of cellular genes in transduced cells. The transduced cells can be administered as part of a bone marrow or
cord blood transplant in an individual that has or has not undergone bone marrow ablative therapy.

[0201] Oneconsideration concerning the therapeutic use ofthe presently disclosed cells transduced with the expression
cassette described herein ("transduced cells") is the quantity of cells necessary to achieve an optimal effect. The quantity
of transduced cells to be administered will vary for the subject being treated. In one embodiment, from about 1 x 104 to
about 1 x 10° cells/kg, from about 1 x 105 to about 1 x 108 cells/kg, from about 1 x 106 to about 1 x 107 cells/kg, from
about 1 x 107 to about 1 x 108 cells/kg, from about 1 x 108 to about 1 x 10° cells/kg, or from about 1 x 10° to about 1 x
1010 cells/kg of the presently disclosed transduced cells are administered to a subject. More effective cells may be
administered in even smaller numbers. In some embodiments, at least about 1 x 108 cells/kg, at least about 2 x 108
cells/kg, at least about 3 x 108 cells/kg, at least about 4 x 108 cells/kg, or at least about 5 x 108 cells/kg of the presently
disclosed transduced cells are administered to a subject. The precise determination of what would be considered an
effective dose may be based on factors individual to each subject, including their size, age, sex, weight, and condition
of the particular subject. Dosages can be readily ascertained by those skilled in the art from this disclosure and the
knowledge in the art.

[0202] Invarious embodiments, the expression cassettes, vectors and other delivery systems (nucleases and CRISPR-
Cas systems), compositions, and methods of the presently disclosed subject matter offer improved methods of gene
therapy using ex vivo gene therapy and autologous transplantation. Transplantation of cells transduced with the expres-
sion cassette or into subjects having a hemoglobinopathy results in long-term correction of the disease.

[0203] One or more presently disclosed transduced cells can be administered by any methods known in the art,
including, but not limited to, parenteral administration (e.g., intramuscular administration, intravenous administration,
subcutaneous administration, or intraperitoneal administration), spinal administration, and epidermal administration. In
one non-limiting embodiment, one or more transduced cells are delivered to a subject intravenously. One or more
presently disclosed transduced cells can be administered by injection, infusion, or implantation. In one non-limiting
embodiment, one or more transduced cells are administered by injection. In another non-limiting embodiment, one or
more transduced cells are administered by intravenous injection.

[0204] The subjects can have an advanced form of disease, in which case the treatment objective can include mitigation
or reversal of disease progression, and /or amelioration of side effects. The subjects can have a history of the condition,
for which they have already been treated, in which case the therapeutic objective will typically include a decrease or
delay in the risk of recurrence.

VII. Kits

[0205] The presently disclosed subject matter provides kits for the treatment or prevention of a hemoglobinopathy. In
one embodiment, the kit comprises a therapeutic or prophylactic composition containing an effective amount of a cell
transduced with the presently disclosed expression cassette in unit dosage form. In one non-limiting embodiment, the
kit comprises one or more expression cassettes disclosed herein. In certain embodiments, the kit comprises one or more
vectors comprising an expression cassette disclosed herein. In some embodiments, the kit comprises a sterile container,
which can be a box, an ampule, a bottle, a vial, a tube, a bag, a pouch, a blister-pack, or other suitable container forms
known in the art. Such containers can be made of plastic, glass, laminated paper, metal foil, or other materials suitable
for holding medicaments.

[0206] If desired, the transduced cell is provided together with instructions for administering the cell to a subject having
or at risk of developing a hemoglobinopathy. The instructions will generally include information about the use of the
composition for the treatment or prevention of a hemoglobinopathy. In other embodiments, the instructions include at
least one of the following: description of the therapeutic agent; dosage schedule and administration for treatment or
prevention of a hemoglobinopathy or symptoms thereof; precautions; warnings; indications; counter-indications; over-
dosage information; adverse reactions; animal pharmacology; clinical studies; and/or references. Alternatively or addi-
tionally, the kit can include instructions for transducing a cell with the one or more expression cassettes and/or vectors
comprising such expression cassettes. The instructions may be printed directly on the container (when present), or as
a label applied to the container, or as a separate sheet, pamphlet, card, or folder supplied in or with the container.

EXAMPLES

[0207] The practice of the presently disclosed subject matter employs, unless otherwise indicated, conventional tech-
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niques of molecular biology (including recombinant techniques), microbiology, cell biology, biochemistry and immunology,
which are well within the purview of the skilled artisan. Such techniques are explained fully in the literature, such as,
"Molecular Cloning: A Laboratory Manual", second edition (Sambrook, 1989); "Oligonucleotide Synthesis" (Gait, 1984);
"Animal Cell Culture" (Freshney, 1987); "Methods in Enzymology" "Handbook of Experimental Immunology"” (Weir, 1996);
"Gene Transfer Vectors for Mammalian Cells" (Miller and Calos, 1987); "Current Protocols in Molecular Biology" (Ausubel,
1987); "PCR: The Polymerase Chain Reaction", (Mullis, 1994); "Current Protocols in Immunology" (Coligan, 1991).
These techniques are applicable to the production of the polynucleotides and polypeptides of the presently disclosed
subject matter, and, as such, may be considered in making and practicing the presently disclosed subject matter.
Particularly useful techniques for particular embodiments will be discussed in the sections that follow.

[0208] The following examples are put forth so as to provide those of ordinary skill in the art with a complete disclosure
and description of how to make and use the expression cassettes, vectors, delivery systems, and therapeutic methods
of the presently disclosed subject matter, and are not intended to limit the scope of what the inventors regard as their
invention.

Example 1: Discovery Of Novel Insulators

[0209] The problems created by insertional mutagenesis of viral vectors are widely known (Nienhuis (2013), Baum et
al. (2006), Nienhuis et al. (2006)) as is the evidence that the risks of genotoxicity can be reduced by the use of chromatin
insulators (Arumugam et al. (2007), Emery (2011), Evans-Galea et al. (2007), Rivella et al. (2000), Emery et al. (2000),
Emery et al. (2002), Yannaki et al. (2002), Hino et al. (2004), Ramezani et al. (2003), Ramezani et al. (2008)). Approaches
allowing the efficient identification of enhancer blocking insulators in the human genome have been developed. These
new insulators are short, on the average 150bp, and they do not affect adversely the titers of viral vectors and they are
several times more powerful than the insulator cHS4. Genomic approaches were used to discover the most powerful
enhancer blocker and barrier insulators of the human genome. For gene therapy of the hemoglobinopathies, powerful
enhancers are required to achieve therapeutic levels of globin gene expression. Powerful insulators may thus provide
one means to protect the genomic environment from the powerful enhancers of the integrating vectors.

[0210] Several studies have demonstrated the ability of the cHS4 insulator to reduce position-effect silencing of gam-
maretroviral vectors (Evans-Galea et al. (2007), Rivella et al. (2000), Emery et al. (2000), Emery et al. (2002), Yannaki
et al. (2002), Hino et al. (2004), Ramezani et al. (2006), Yao et al. (2003), Nishino et al. (2006), Aker et al. (2007), Li
and Emery (2008)), and lentiviral vectors (Evans-Galea et al. (2007), Ramezani et al. (2003), Puthenveetil et al. (2004),
Arumugam et al. (2007), Bank et al. (2005), Aker et al. (2007), Ma et al. (2003), Chang et al. (2005), Pluta et al. (2005)).
Those studies that were appropriately designed demonstrated that inclusion of the 1.2 kb version of the cHS4 insulator
increased the likelihood and/or consistency of vector transgene expression in at least some settings (Arumugam et al.
(2007), Evans-Galea et al. (2007), Emery et al. (2002), Yannaki et al. (2002), Hino et al. (2004), Ramezani et al. (2006),
Aker et al. (2007), Li and Emery (2008), Pluta et al. (2005), Jakobsson et al. (2004)). Nevertheless, the degree of
protection afforded by the cHS4 insulator is far from complete. In addition, the inclusion of the 1.2 Kb cHS4 can adversely
affect vector titers while the smallest cHS4 core has been proven ineffective (Aker et al. (2007), Jakobsson et al. (2004)).
[0211] Effects on genotoxicity were tested using an in vivo assay based on quantitation of tumor formation in mice.
Vectors insulated by insulator A1 decreased tumor formation induced by random vector integration in hematopoietic
chimeras compared to mice that received uninsulated or cHS4-insulated controls.

[0212] To assess effects on vector titers, insulator A1 was introduced into the double-copy region of a third-generation
lentiviral vector expressing GFP from a constitutive package promoter, and the viral titers and GFP expression were
measured. Insulator A1 did not affect adversely vector GFP expression.

[0213] In the in vivo genotoxicity assay, a cell line transduced with gammaretroviral vectors produced tumors after
transplantation in mice and allowed quantitation of genotoxic effects by measuring rates of tumor free survival. Effects
of an insulator on genotoxicity were quantitated by the number of tumors formed in the mice and the rates of tumor free
survival. Insulator A1 was inserted in the proximal portion of the 3’ LTR, from which it is copied into the 5’ LTR during
reverse transcription and vector integration. The resulting topology places copies of the insulator between the genomic
regions located 5’ and 3’ of the integrated provirus and enhancer activity from the 5’ viral LTR and internal Pgk promoter,
but does not contain the enhancer in the 3’ LTR. This can decrease genotoxicity thus resulting in decreased tumor
formation and increased survival of the animals. Gamma-retroviral reporter vectors flanked with insulator A1 or control
regions were used to transduce the growth factor-dependent cell line 32D, and 10 independent sub-pools for each vector
were transplanted into syngeneic C3H/HeJ mice. All 10 mice transplanted with mock-transduced cells remained free of
32D cell- derived tumors, while nearly all mice transplanted with 32D cells transduced with vectors containing no inserts
or a 790 bp neutral spacer developed tumors within a median of 16 weeks (Figure 5B). Flanking this vector with the
cHS4 insulator delayed the onset of tumor formation by several weeks, and reduced the frequency of animals that
developed tumors to 6 of 10. In contrast, only two of 10 animals developed tumors following transplantation with 32D
cells transduced with the vector flanked with insulator A1 (Figure 5B). The frequency of animals with tumors and the
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number of vector transduction events in the original sub-pools suggested that flanking the vector with insulator A1
reduced the overall rate of tumor formation 12-fold, from 46.9 tumors per 105 provirus to 3.9 tumors per 10° provirus
(Figure 5C). In comparison, the cHS4 insulator reduced the overall rate of tumor formation 2.8-fold (to 16.9 tumors per
105 provirus), while the neutral spacer had no statistically discernable effect on the rate of tumor formation. These results
indicate that the discovered enhancer blocking insulators can decrease substantially the risks of insertional mutagenesis
and genotoxicity.

Example 2: Characterization Of Globin Vectors Comprising At Least One Insulator.

[0214] A presently disclosed expression cassette (designated as "Expression Cassette 1"; as shown in Figure 1),
which comprises insulator A1, and a human BA-globin gene encoding a threonine to glutamine mutation at codon 87
(BA-T87Q) operably linked to a B-globin LCR region comprising a HS2 region having the nucleotide sequence set forth in
SEQ ID NO:9, a HS3 region having the nucleotide sequence set forth in SEQ ID NO:5, and a HS4 region having the
nucleotide sequence set forth in SEQ ID NO:7, was generated. The rationale for using the variant B chain (BA) is to
facilitate the detection of the vector-encoded p-globin gene, distinguishing it from endogenous or transfused beta chains.
The glutamine (GLN) residue at position 87 in the y-globin chain augments the anti-sickling activity of the gamma chain
relative to the  chain, while preserving adult oxygen-binding characteristics of the 3 chain (Nagel et al. (1979)). In Vector
1, a point mutation altering codon 87 (BA-T87Q, or p87) replaces the normal threonine with glutamine and augments anti-
sickling activity of the vector-encoded B chain. This 387 chain has been safely used in a patient with HbE-thalassemia
(Cavazzana-Calvo et al. (2010)).

[0215] Expression cassette 1 was incorporated or introduced to a lentivirus vector (designated as "Vector 1"). Vector
1 was introduced in bone marrow cells of C57BL/6-Hbb th3/+ mice and transplanted to syngeneic lethally irradiated
recipients as previously described (May et al. (2000), May et al. (2002), Lisowski et al. (2007)). The vector titer of VI
was comparable to that of a lentivirus vector comprising an expression cassette lacking insulator A1. The B-globin
expression of Vector 1 was compared to that of a lentivirus vector (designated as "Vector 2") comprising an expression
cassette that lacks an insulator and comprises a wild human B-globin gene operably linked to a B-globin LCR region
comprising a HS2 region having the nucleotide sequence set forth in SEQ ID NO:9, a HS3 region having the nucleotide
sequence set forth in SEQ ID NO:5, and a HS4 region having the nucleotide sequence set forth in SEQ ID NO:6. In
comparison to Vector 2, 3-globin expression of Vector 1 normalized to vector copy was equivalent or slightly increased,
suggesting an added benefit for in vivo expression provided by the flanking barrier elements, as shown in Figure 6.

Example 3: Evaluation of Enhancer Activity in Non-erythroid K562 Cells

[0216] The enhancer activity of HS2 was evaluated in Non-erythroid K562 Cells. As shown in Figure 7, GFP expression
in K562 cells transduced with vectors driven by a minimal promoter linked to no enhancer ("Empty", HS2, HS3-4, HS2-3-4
or the runx1 enhancer used as positive control ("RUNX1"). Background expression was on the order or 0.01% ("empty),
but increased over 10-fold with HS2-3-4 ("Lcr9", 0.17%). This enhancement was mostly due to HS2 (0,15%) but not
HS3-4 (0.05%). All cell lines were comparably transduced (mean vector copy number 2.5). The results support that HS2
but not HS3-HS4 may pose an oncogenic risk in non-erythroid hematopoietic stem and progenitor cells.

Example 4: Novel erythroid-specific enhancers

[0217] As shown in Figures 8 and 9, five erythroid-specific enhancers were substituted for HS2: ALAS Intron 1, ALAS
Intron 8, BLVRB, PPOX, and Spectrin-alpha. The inventors have shown that all these five enhancers are powerful
enhancers, and lack enhancer activity in non-erythroid tissues, and do not reduce the vector titer.

Example 5: Increasing globin lentiviral vector production through 3’ LTR modifications

[0218] An essential feature of therapeutic globin vectors is to achieve a high titer, sufficient for effective transduction
of patient cells. By virtue of their large cargo, comprising a gene, promoter, enhancers and/or LCR elements, globin
lentiviral vectors inherently have low titer, complicating their manufacture and limiting their clinical use. This problem is
further compounded by the incorporation of additional genomic elements such as an insulator, which further increase
the size of the vector.

[0219] The inventors explored different modifications of the 3’ long terminal repeat (LTR) of globin vectors to increase
the titer of globin vectors. Over 62 variations were evaluated, numbered 1 through 62, modeled on a lentivirus vector
comprising a human -globin gene operably linked to a 3-globin LCR region comprising a HS2 region having the nucleotide
sequence set forth in SEQ ID NO:9, a HS3 region having the nucleotide sequence set forth in SEQ ID NO:5, and a HS4
region having the nucleotide sequence set forth in SEQ ID NO:7. In other words, all of Vectors #1 through Vector 62
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comprise a B-globin LCR region comprising a HS2 region having the nucleotide sequence set forth in SEQ ID NO:9, a
HS3 region having the nucleotide sequence set forth in SEQ ID NO:5, and a HS4 region having the nucleotide sequence
set forth in SEQ ID NO:7. Vector #18 served as a baseline, comprising a standard U3 deletion in the 3'LTR. Vector #1
(not depicted) comprised a full, i.e., wild-type LTR, which cannot be used clinically. Modifications to the 3'LTR are
depicted in Figures 10A and 10B, and their titers shown in Figures 11 and 12 (the Y axis shows the vector copy number
of vector stocks manufactured and tested under strictly identical conditions). Titrations were measured in triple replicas,
performed in parallel by two operators, and repeated in multiple experiments.

[0220] AsshowninFigures11and 12, Vector#55 repeatedly showed a higher titer. This vector comprises a Woodchuck
hepatitis post-regulatory element (WPRE) and a bovine growth hormone polyadenylation signal 3’ to the R region in the
3’ LTR. The WPRE element is therefore not transferred to the transduced cells.

[0221] The incorporation of these elements for enhancing the production of globin lentiviral vectors is essential to yield
higher titers and hence for the clinical usefulness of the vectors described in this application.
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[0223] From the foregoing description, it will be apparent that variations and modifications may be made to the presently
disclosed subject matter described herein to adopt it to various usages and conditions. Such embodiments are also
within the scope of the following claims.

[0224] All patents and publications and sequences referred to by accession or reference number mentioned in this
specification are herein incorporated by reference to the same extent as if each independent patent and publication and
sequence was specifically and individually indicated to be incorporated by reference.
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

EP 3 620 521 A1

SEQUENCE LISTING

MEMORIAL SLOAN-KETTERING CANCER CENTER

GLOBIN GENE THERAPY FOR TREATING HEMOGLOBINOPATHIES

JA88015P.EPPD1

2015-09-04

15837740.8
2015-09-04

<10> PCT/US2015/048698

<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

tcecttecttt

tgcaaccttt

2015-09-04

62/045,997
2014-09-04

26

PatentIn version 3.5

1
305
DNA
Homo sapiens

1

ctaaatgacg

ccttectgga

ctggcacaga gcccggttcee

tggtgtccac

atcaagcaga

gaaaaaaaag aaagaggatt

gctag

<210>
<211>
<212>
<213>

<400>

aagtaaactt

1074
DNA
Homo sapiens

2

ccacaaccgce

tctectectaa accactatge

ctagtgtcac cagtctcctc

tgttttctgg gagcecttaggg

ggcaaaccca ttattttttt

ctgtgtgtgg atatagataa

gccaaaggca gtgagagtca

agagagacag
tgagcatccce
ctagacaact
cacaattaat

tatgaaggga

aagcttattg
tgctagagcece
atatacctat
gcttatttta
ctttagactt
gagctcggac

gaatgctcct

aagaattctt
tggagtagga
gcctetcecaa
agtcaacctg

aaagaaagtt

aggctaaggce
tettttetgt
tgtattttct
ttttgttttg
gggatggtga
tatgctgage

gctattgect

66

caaggttagt
gagccagcect
atctgatgtce
ttcaggaaaa

tagaggatat

atctgtgaag
actcaagcct
tcttcttget
ttttctaatc
tagctgggca
tgtgatgagg

tctecagtece

gtgtccagca
gcctectgeg
cagcgccacce
ctgtgagggg

gccacgattg

gaaagaaaca
cattcagaca
ggtttagtca
aacagagatg
gcgtcagaaa
gagggaccta

cacgettggt

60

120

180

240

300

305

60

120

180

240

300

360

420
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ttctacacaa
ttagttgctc
tatatatata
tcaaaacgtg
aattacattc
cagtgatcca
gctaggggaa
gcaaaccacc
aaaagaagct
cttacagaat
aaagcacaga
<210> 3
<211> 602
<212> DNA
<213> Homo

<400> 3
ggcatctgtg

tgtactcaag
tcttcttett
ttgttttcta
tgatagctgg
agctgtgatg
ccttectecagt
agtgtttgag
tgtttatgta
tgtttacaaa

99

<210> 4

<211> 489
<212> DNA
<213> Homo

<400> 4
ggcatctgtg

tgtactcaag

tcttettett

gtagatacat
agaaatgccc
tgtgtgtgtg
agggctaaag
caaaaattta
tggacacagg
ggatagcatt
atggcacatg
caaatttaac
attctcattg

daaaaaaaaa

sapiens

aaggaaagaa
cctcattcag
gctggtttag
atcaacagag
gcagcgtcag
agggagggac
cceccacgett
agtcctgecat
tatatatgtt

tatgtgatta

sapiens

EP 3 620 521 A1

agaaaaggct
gataaatatg
tgtgtgtgtg
tgaccagata
actgagactt
gaggggaaca
aggagaaata
taccccagaa
tataagagac
aatagaagta

aggagctctg

acatctecte
acactagtgt
tcatgttttc
atgggcaaac
aaactgtgtg
ctagccaaag
ggtttctaca
gagttagttg
ttatatatat

tcatcaaaac

ataggttagt
ttatgtgtgt
tgtgttgtgt
acttgcaggt
taaaaaaaaa
tcacacactg
cctaatgtag
cttaaagcat
ggaatggctc
tgcttatcat

ttgecettata

taaaccacta
caccagtctc
tgggagctta
ccattatttt
tggatataga
gcagtgagag
caagtagata
ctcagaaatg
atatgtgtgt

gtgagggcta

gtttgagagt
ttatgtatat
ttacaaatat
cctaggatac
aaaaaaaaaa
gggcctgttg
atgacgggtt
attaaaaaaa
ccacaattct
tagagatttg

gcctagaggt

tgctgectaga
ctcatatacc
ggggcttatt
tttectttaga
taagagctcg
tcagaatgct
catagaaaag
cccgataaat
gtgtgtgtgt

aagtgaccag

cctgcatgag
atatgtttta
gtgattatca
caggaaaata
aaaaaaaaac
ggggtggggg
gatgggtgca
cagtgatcat
taactataat
gacagccagyg

gttt

gcectetttte
tattgtattt
ttattttgtt
cttgggatgg
gactatgcetg
cctgcetattg
gctataggtt
atgttatgtg
gtgtgtgttg

ataacttgca

aaggaaagaa acatctcctc taaaccacta tgctgctaga gectetttte

cctcattcag acactagtgt caccagtctc ctcatatace tattgtattt

getggtttag tcatgttttc tgggagectta ggggettatt ttattttgtt

67

480

540

600

660

720

780

840

900

960

1020

1074

60

120

180

240

300

360

420

480

540

600

602

60

120

180
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ttgttttcta
tgatagctgg
agctgtgatg
ccttctcagt
agtgtttgag
tgtttatgt
<210> 5
<211> 1301
<212> DNA

<213> Homo

<400> 5
aagctttcecat

gaaggttcta
ggcagtatat
ccactgaccc
gagagtgtgce
cttactttat
ggtatagggg
cccaccttte
tggactccac
acccatctgg
ctctgataga
tgagtcaaaa
tagacttcectt
tccatctgat
acataggtct
gctcagtctt
aggatggaaa
attttatcat
taattttecece
ctggatatta

gccattectcee

cgaaggtagg

atcaacagag
gcagcgtcag
agggagggac
ccccacgcett

agtcctgcat

sapiens

taaaaaaagt
ctggaggagg
ctctaacagt
atacatagga
atctcctttg
agatgatgat
agcagtccca
ccatgtctge
ccagcaccac
gccctgatag
cacatctgge
ttccttgaaa
catggctgte
cctccteate
ggcactgcct
gtcatggcaa
acaatagcaa
ccattaatce
ttacctataa
aagtgggaat
ccacatagat

aactaaggaa

EP 3 620 521 A1

atgggcaaac
aaactgtgtg
ctagccaaag
ggtttctaca

gagttagttg

ctaaccagcet
gtcccagece
ggttgatgct
agcccatagce
atcctcataa
cctgaaaaca
tgtagtagta
cctctactca
caacctgacc
ctggtggcca
acaccagctc
tccaagtccet
tcctttatee
agtgcagcac
ctgacatgtc
aataaagata
aattgattag
ttccetetee
taagagttat
gaggggcagg
catctcagceca

gaacactggg

ccattatttt
tggatataga
gcagtgagag
caagtagata

ctcagaaatg

gcattcgact
attgctaaat
atcttctgga
tctgtectga
taaccctatg
taggagtcaa
gaatgaaaaa
tggtctatct
taaccaccta
gccctgacce
gcaaagtcac
tagagactcce
acagaatgat
agggcccatg
cgaccttagg
ataatagtgt
actataaaag
tctettacte
tcctettatt
ccactaacga
gggttcagga

caagtggatc

68

tttetttaga
taagagctcg
tcagaatgct
catagaaaag

cccgataaat

ttgactgcag
taacatcagg
acttgccectge
actgttaggc
agatagacac
ggcacttgece
tgectgetatg
ctecetggete
tctgagcectg
caccccacce
cgtgagggtce
tgctceccaaa
tcetttgett
agcagtagcet
caaatgcttg
ttttttatgg
gtctcaacaa
atcccatcac
atattcttcet
agaagatgtt
agataaagga

c

cttgggatgg
gactatgctg
cctgctattg
gctataggtt

atgttatgtg

cagctggtta
ctctgagact
tacattgaga
cactggtcca
aattattact
cctagetggg
ctgtgectcee
ctgggagtca
ccagcctata
tccectggaac
ttgtgtttge
tttacagtca
cattgcccea
gcagagtctc
actcttctga
agttagcgtg
atagtagtag
gtatgcctcect
tatagtgatt
tctcaaagaa

ggatcaaggt

240

300

360

420

480

489

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1301
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<210> 6

<211> 1065
<212> DNA
<213> Homo

<400> 6
tgagccccett

atagtttcca
tatcatttaa
gtccacccecct
gcccattget
agctgctgag
ttattctcac
tactggggcc
ccatctatta
caggtccacg
atcttgttct
ataaattgac
ttgcaaaaac
atacaagaga
ttctaggaat
aatatgtaca
gttttttgtt
aggctggagt
<210> 7

<211> 1065
<212> DNA
<213> Homo

<400> 7
tgagccceccett

atagtttcca
tatcattaaa
tccacccctt
cccattgcetg

gctgctgagt

sapiens

ttcctctaac
tgtcacagcecce
atgcataaat
tcteggecect
gggccttgga
tgggagagag
actaagaaaa
cccaagagct
taaacctgca
tgcttgtett
gttattcctg
aatagacaat
tcacaataac
aagctattac
aatatcaata
aagtacccag
tgtttgtttt

gcagtggcaa

sapiens

ttcctctaac
tgtcacagcce
tgcataaata
ctcggecectg
ggccttggag

gggagagaga

EP 3 620 521 A1

tgaaagaagg
agggctggge
aagcaaaccc
ggctctgecag
gtgagtcagc
aaaagggctc
agaatgagat
ctctaaaagt
tttgtctcca
tgtataatac
tttcaatggc
ttcacatcaa
tttatattgt
aagtccagaa
ttacaaaatt
acctatgtgg
tgtattctgt

gatcatgtct

tgaaagaagg
agggctggge
agcaaaccct
gctctgecaga
tgagtcagcc

aaagggctca

aaaaaaaaaa
agtctcctgt
tgctcgggaa
atagtgctat
ctagtagaga
attgtctata
gtctacatat
gatggcaaag
cacaccagtc
tcaagtaatt
ttagtagaaa
tgtctatatg
tactactcta
aataaaagtt
taatctaaca
tagagcatca
ttcgtgaggce

cactgcagcc

aaaaaaaaaa
agtctcctgt
gctcgggaat
tagtgctatc
tagtagagag

ttgtctataa

69

tggaacccaa
tatttetttt
tgggagggag
caaagccctg
ggcagggcaa
aactcaggtc
accctgegtce
tcattgcgcet
atggacaata
tcggaaaatg
aagtacatac
ggtcgttgtg
agaaagttac
atcatcttga
attatgaaca
aggaagcgca
aaggtttcac

ttgac

tggaacccaa
tatttcetttt
gggagggaga
aaagccctga

gcagggcaag

actcaggtca

aatattctac
aaaataaata
agtctctgga
acagagccct
gccatctcat
atggctattc
ccctcettgtg
agatgccatc
accctectcee
tattctttca
ttgttttecce
tttgctgtgt
aacatggtga
ggcctcagcet
gcaatgagat
ttgcggagca

tctgetgtcee

aatattctac
aaaataaata
gtctctggag
cagagccctg
ccatctcata

tggctattcet

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1065

60

120

180

240

300

360
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tattctcaca
actggggccc
catctattat
aggtccacgt
tcttgttcetg
taaattgaca
tgcaaaaact
tacaagagaa
tctaggaata
tatgtacaaa

tttttgtttg

gctggagtge

<210> 8
<211> 446
<212> DNA
<213> Homo

<400> 8
tggaacccaa

tatttctttt
tgggagggag
caaagccctg
ggcagggcaa
aactcaggtc
accctgegte
tcattgeget
<210> 9
<211> 860
<212> DNA

<213> Homo

<400> 9
gtatatgtgt

ttctgtctca
gtcagcttct
gagtcatcac

catgactcag

ctaagaaaaa
ccaagagctc
aaacctgcat
gcttgtettt
ttattcctgt
atagacaatt
cacaataact
agctattaca
atatcaatat
gtacccagac
tttgtttttg

agtggcaaga

sapiens

aatattctac
aaaataaata
agtctctgga
acagagccct
gccatctcat
atggctattc
ccctettgtg

agatgccatce

sapiens

atatatatat
ggcatccatt
cctttttttt
tctaggectga

cattgctgtg

EP 3 620 521 A1

gaatgagatg
tctaaaagtg
ttgtctecac
gtataatact
ttcaatggcet
tcacatcaat
ttatattgtt
agtccagaaa
tacaaaatta
ctatgtggta
tattectgttt

tcatgtctca

atagtttcca
tatcatttaa
gtccaccect
gceccattget
agctgctgag
ttattctcac
tactggggtc

ccatct

atatatattc
ttctttatga
gccatctgece
gaacatctgg

cttgagccag

tctacatata
atggcaaagt
acaccagtca
caagtaattt
tagtagaaaa
gtctatatgg
actactctaa
ataaaagtta
atctaacaat
gagcatcaag
cgtgaggcaa

ctgcagectt

tgtcacagcecce
atgcataaat
tecteggecect
gggccttgga
tgggagagag
actaagaaaa

cccaagagct

aggaaataat
tgccgtttga
ctgtaagcat
gcacacaccc

aaggtttget

70

ccectgegtee
cattgcgcta
tggacaataa
cggaaaatgt
agtacatact
gtcgttgtgt
gaaagttaca
tcatcttgag
tatgaacagc
gaagcgcatt
ggtttcactce

gacac

agggctggge
aagcaaaccc
ggctctgecag
gtgagtcage
aaaagggctc
agaatgagat

ctctaaaagt

atattctaga
ggtggagttt

cctgetgggg

taagcctcag

tagaaggtta

cctettgtgt
gatgccatcc
ccctectece
attctttcaa
tgttttccca
ttgctgtgtt
acatggtgaa
gcctecagett
aatgagataa
gcggagcagt

tgctgtccag

agtctcctgt
tgctcgggaa
atagtgctat
ctagtagaga
attgtctata
gtctacatat

gatggcaaag

atatgtcaca
tagtcaggtg
acccagatag
catgactcat

cacagaacca

420

480

540

600

660

720

780

840

900

960

1020

1065

60

120

180

240

300

360

420

446

60

120

180

240

300
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gaaggcgggyg
ctatgggagg
gcttatttaa
atagtaatca
tgcttgaatce
aaataacagt
agctcactgce
agctgggatt
agggtatcac
cctcagecte
<210> 10
<211> 613
<212> DNA

<213> Homo

<400> 10
aagcaataga

cctgggagta
cagccgtacce
gcccteccte
catcctcecctt
aagatcgttt
gagttttgtc
agaatatgca
atcttctect
atgtgtatat
taatttgctc
<210> 11
<211> 265
<212> DNA

<213> Homo

<400> 11
aagcaataga

cctgggagta

cagccgtacce

gtggggcact
tcactaatgg
tcagagatga
ttcagcaaat
ataaataaga
taattataat
aacctccgee
acaggtgcac
catgttgtcc

ccaaagtgcet

sapiens

tggectcectgee
gattggccaa
tgtccttgge
taagatatat
tgcaagtgta
tcccaatttt
taccataatt
aaatacttac
tatttggatt
atacacacat

atg

sapiens

EP 3 620 521 A1

gaccccgaca
agacacacag
gatgctggaa
ggttttgaag
ataaaacatg
gtgctctgte
tcecegggtte
accaccatge

aagatggtct

ctgactttta
ccctagggtg
tcttectggea
ctcttggccecce
tttacgtaat
cttattacac
cagctttggg
aggacagaat
aaaaccttct

acatatacat

ggggcctgge
aaatgtaaca
gggatagagg
cacctgctgg
tatcttatte
ccccaggetg
aagcaattct
caggctaatt

tgaactcctg

tgcccagece
tggctccaca
ctggcttagg
cataccatca
atttggaatc
aaataagaaa
atatgtagat
ggatgaaaac
ggtaagaaaa

atatatgcat

cagaactgct
ggaactaagg
gagctgagct
atgctaaaca
cccacaagag
gagtgcagtg
cctgectcag
tttgtacttt

agctccaagc

tggctectge
gggtgaggtc
agttggactt
gtacaaattg
acagcttggt
ttgatgcact
ggatctcttc
tctacctcag
gaaaaaaaat

tcatttgttg

catgcttgga
aaaaactgaa
tgtaaaaagt
ctattttcag
tccaagtaaa
gcacgatctc
ccaccctaat
ttgtagagge

agtccaccca

ccteectget
taagtgatga
caaaccctca
ctactaaaaa
aagcatattg
aaaagtggaa
ctgcgtctce
ttctaagcat
atatatatat

ttgtttttct

tggctectgee ctgactttta tgecccagece tggetecctge ccteccetget

gattggccaa ccctagggtg tggctccaca gggtgaggtc taagtgatga

tgtccttgge tcttectggeca ctggcecttagg agttggactt caaaccctcea

71

360

420

480

540

600

660

720

780

840

860

60

120

180

240

300

360

420

480

540

600

613

60

120

180
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gcecteecte
catcctcctt
<210> 12
<211> 879
<212> DNA

<213> Homo

<400> 12
taggtattga

gcagagccag
ctgaatgcta
gatagggtaa
tcagtcctaa
gttcegggag
gggctcacag
agacaacaga
catggaagga
aaggctgaga
aaacaataag
cttgaatcct
attagectgtt
ggtttgaact
tttagtaaaa
<210> 13

<211> 152
<212> DNA

taagatatat

tgcaagtgta

sapiens

ataagaaaaa
aagcaccata
atcttaaaca
taagacagta
cttttcatac
actagcactg
gacagtcaaa
gacaactaag
acacttcagg
gatgcaggat
taatgtaaaa
tttctgaggg
tgcagcctca
agctcttcecat

tattcagaaa

EP 3 620 521 A1

ctcttggcce cataccatca gtacaaattg ctactaaaaa

tttac

tgaagttaag
agggacatga
tcctgaggaa
gtgaatatca
taagcccagt
cagattecegg
ccatgeccecce
gctgagtgge
ggaaaggtgyg
aagcaaatgg
tacagcatag
atgaataagg
ccttetttea
ttctttatgt

taatttaaat

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

polynucleotide

<400> 13

gtggttgatg
taagggagcc
gaatgggact
agctacaaaa
ccttccaaag
gtcactgtga
tgtttttect
caggcgagga
tatctctaag
gtagtgaaaa
caaaacttta
cataggcatc
tggagtttaa
tttaaatgca

acatcattg

gtaacactat
agcagacctc
tccatttggg
agcccecttt
cagactgtga
gtgggggagy
tcttcaagta
gaaaccatct
caagagaact
gacattcatg
acctccaaat
aggggctgtt
gatatagtgt

ctgacctecee

Synthetic

gctaataact
tgatctcette
gtgggcctat
caaattcttc
aagagtgata
cagggaagaa
gacctctata
cgccgtaaaa
gagtggagtc
aggacagcta
caagcctcta
gccaatgtgc
attttcccaa

acattccectt

tctececcacge cctggtetca gettggggag tggtcagace ccaatggecga taaactcetgg

caactttatc tgtgcactge aggctcagece ccaacagett tagetttcac aagcaggcecag

gggaagggaa acacatatct ccagatatga gg

<210> 14
<211> 157
<212> DNA

<213> Artificial Sequence

72

240

265

60

120

180

240

300

360

420

480

540

600

660

720

780

840

879

60

120

152
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<220>
<223> Description of Artificial Sequence: Synthetic
polynucleotide

<400> 14
ctaaaccccet cccecccaccet ageccccaage ttcatcettag ctcecactect gaccectatcece

agctaaaggt ccccacccag ctcctgecta tctagtcatt gcatatggca agacttgaaa

gtcctatecte aaagcagcag aattatcagce tacgact

<210> 15

<211> 141

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polynucleotide

<400> 15
ccatccceca gcactcecctg cccccacage ccagacttga ccaactccca gctcecgectg

ggacttccag atatggggce ccacccttge aggecttggg gacgctgaag atattgacta

tctgegtgee ggaaaagggt g

<210> 16

<211> 171

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polynucleotide

<400> 16
aaaggctggg ggtgggagta gcggatttga agcacttgtt ggcctacaga ggtgtggcaa

gcagagcacc tcagaactca ggcgtactgce ccgccgecccg ageccctgega gggcecgatag
cgagggtgtg gcccttatet gecacccageca gagegecgge ggggtacggt ¢

<210> 17

<211> 195

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic

polynucleotide

<400> 17
cagttgecte agectgagtat gtecttctaaa gataatgteg attgtgtatg getgatggga

ttctaggacc aagcaagagg tttttttttt tcccccacat acttaacgtt tctatatttce

tatttgaatt cgactggaca gttccatttg aattatttct ctctctcectcet ctcectetgaca

73

60

120

157

60

120

141

60

120

171

60

120

180
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cattttatct

<210> 18
<211> 14
<212> DNA
<213> Homo
<400> 18
caccaggtgg

<210> 19
<211> 81706
<212> DNA
<213> Homo

<400> 19
ggatcctcac

agttgctagt
gagttacttt
cttaggtagg
catagaaaca
cagatgaata
tttectgtetg
atgaaggcag
gtatatgtaa
gtgtatgtaa
ctttgagttt
tctcaataag
tacctattca
aaatctgtaa
cccataattt
tttagggtca
actaatgtga
tcatgttaca
ctggttagat
tttaaaatat
taaagatgac
tacataaaga

aaaaatactc

tgecceca

sapiens

cgct

sapiens

atgagttcag
gtcttaagag
tcattataat
ttaagtaatt
caatatgtgg
ctgagataga
ttgaagattt
gtgactctaa
aatccacatt
aagtgtgctg
gtaagtatat
taggtatcat
ccaaaattta
ttcctaattt
gtgtaggttg
tgaaaaggaa
agtgacttta
ataacggaag
gttttaatct
aaatgaaggt
aaaaatctat
aaataagatg

catattctga
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tatataattg
gttcacattt
tcctgactac
tatccaaaac
tataaatgag
atatttagtt
gggtgtgggg
cagaaaggga
aagcttcttt
tatattcaaa
acttctetgt
agtgaacatc
ttaaatgcct
aaacagctgt
aaatgagcta
tggtcaactg
aaggagaaat
agattaaaac
aaatctatct
aggaacctgt
taatccttga
gatagatagc

gtttettcecac

taacagaata
ttatctaact
acatgaagag
cacacaatgt
acagagggat
catctatcac
ataactcaag
aaggatgttg
ctgcatgcat
agtgtttcat
aatgtgtctg
tgacaaatgt
aatctgtatc
gtagcctaat
tagaaaaatg
acactgccag
tagcagaagt
aacaaataca
tggagtgtta
agatacaaaa
tagaaaatga
agatccttat

ataaaataat

74

aaaaatcaat
gattatcaca
actgacacgt
agaacctaag
ttctctectt
acattaaacg
gtatcatatec
gcaaggctat
tggcaatgtt
gtgcctaggg
aatatctcta
ttgaggaaca
agatatacaa
tagggataaa
cagtatattt
ggactcatat
tttctttecca
tttagacagce
aaatgcattt
agttggagaa
gaagagataa
aaaagtgata

acaaatctge

tatgtattca
aaaatacttc
aggtgccectta
ctgattcgge
cctatgcetgt
ggactttaca
caagggatgg
gttcatgaaa
tatgaataat
gtgtcaaata
tttacttgat
atttagtgtt
ttatctggcg
ggcatgcaaa
atcagaagtc
gtaagagata
tgtctcctca
aatgtttatc
gctcacctac
aaaaagacaa
aacactggtt

atttgagaaa

tgtggtaagt

195

14

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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tacaaagaga
aaggaacaga
aaaatcattt
agtttcccac
atacaaattt
gtgtaacttg
aaatcacatt
ctaagaagaa
aattggtaca
tttgcaacta
gttctctgaa
caatgtcatc
ctaagccect
tagtaatagt
atattatttc
taagaggagg
aactgacaga
attatacaat
taagacataa
ctttttgecac
tgcetttgat
ctaattacta
ctecgetcettg
agccggcecge
tcagcttgcece
ttgagggagt
ccccaccgge
tcctegeegg
gcctgagecet
ccecectgete

cggcagggga

tagatttttt
ctatgtcata
catagcattt
aaacttagag
gcacatgcta
gttctagttg
cctctccaaa
aagagttttg
tagttcccac
catggacgta
agagactaac
tcatctattt
acatcctcaa
aataacaata
atttagtatt
aaactgaggc
gggcataatt
aataattcat
tttggggtga
tccaggtcett
tttacaataa
gtgattagta
gcgectecte
tgcactgtgg
aggaggtgtg
tcegggtggg
cgcgggcagt
gccttagetg
ccccaccette
cagggcaccce

ctggcaggca
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atcattatat
tattctcact
taaatagtta
tctcaaatgt
ctetagtcaa
cttectttcag
gccttctaaa
tctettatce
agccccactt
aaatgcatgg
cttcecctege
attcccatgt
tctacacact
caatgattat
cacagtaact
acagggccct
caactcatga
gaggaaacat
gaaagcttag
atttttactg
tattecctgtt
ttgagaggtg
tgcectggget
gagccctttt
gagggacaga
catgggctcce
gaggggctta
ccttectgeg
atgggctcct
agtcccatcg

gctcccecectg

aaaagatatt
tatcactata
ggaataatgt
tgcattacct
aaatatatgt
aaatagcctc
tacttccaga
acctctgagt
agctctggat
attctcttga
tttgcagaga
ctacccatat
aggatagtat
ggcttatact
ctgtgcctca
aaagtaatat
tatttggctce
tttttaaagc
attccatgaa
cttaaacata
atttttggaa
acagcgtgct
cccacattgg
ctgggctgge
cgcgggcagg
gaggaccccg
gcacctgggce
gggcagggct
gtgcggeecg
accacccaag

cagcccaggt

75

ttaaacagag
aacatctcag
agaaaactga
aacttacctg
acattatggg
tatttttgat
ctaactactt
caaaaagcag
tggagttcta
aaaaatgttt
aagactcgtg
gtgaccttca
aaaagtaata
atacacaaga
agtactattg
tccaagatga
tagaatacat
ctaagttatt
gtattacagc
ataaaacata
gcacagggtg
ggcagtcctce
tggcacttga
caaggccaga
aaccgggctg
cactcggagce
cagcagctgce
cgggacctge
agcctegeeg
ggctgaagag

gcgggatcca

ttatacaaca
aaaaatctgc
aacagttcta
caaatatttt
tattttetgt
ttacctgata
tttagtacat
catgtccatc
cttggcattg
ctgccatgat
taatccttga
tgtctttget
gtaataatag
cactgttgat
taataccctt
agtggctact
gctctgaatce
tgctctgaaa
atttggtagt
tggttcagta
tgggataatg
acagcccteg
ggagccctte
gccggctceee
tgcgeegtge
cgccagccgg
tgtgctcaat
agcgcgcecat
acgagcgccg
tgcgggegea

ctgggtgaag

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240
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ccggctagge
gtaaatacac
ccetgtgtet
tggggccttg
tgtatctage
gtgaatgcac
atgtctaget
taaacacacc
tctgtatcta
gctaatctgg
atcagtgccc
cagataagag
tccacactgt
tttgggtcta
cttgaagcca
ttaagagctg
cgaacccatc
cacacgcagc
gtcagtgaaa
ctaaatcaat
ctggttgtga
ttctatcatt
agtcaatcac
ccatgaacat
aaaattaatg
tttgcttecca
ttacaggcceg
agttcaggct
atttgcaagg
ttttaactat
aaaataagta

acacgtacac

tcctgagttt
caattggcac
agctcagggt
gagaaccttt
tcaaggtttg
caatcaacac
cagggattgt
aatcagcacc
gctactctgg
tggggacgtg
tgtcaaaaca
aataaaagca
ggaagctttg
cactgeccttt
gcgagaccac
gaacgttcac
agaaggaaga
ctttaagaac
ccaagaaccc
atacttctceca
ctaaaataat
ctctttecect
aggaaggcac
ctgactgtga
gcacaagtca
catcaatcca
agaaaaatga
ccaaaatttt
aatcattcaa
gttccagatt
tgtgaagtgg

caaagcatca
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gctggggatg
tctgtatcta
ttgtgaatgce
atgtctaget
taaacacacc
tctgtatcta
aaatacacca
ctgtgtctag
tggggacttg
gagaaccttt
gaccactggg
ggctgeceega
ttettteget
atgagctgta
gaacccaccg
tgtgaaggtc
aactccgaac
tgtaacactc
accaattccg
acaatttcca
gtggagataa
tcctcectatgt
ctggactcct
cgtagcaata
tgtttttgat
ctcaaggcct
atctgaattc
ctcatttteca
tgttttctaa
tttgaatgaa
tggatttgtt

tgttgtaccc

cgaagaaccc
gctcaaggtt
accaatcaac
cagggattgt
aatcagcacc
gctactctgg
cteggecagte
ctcagggttt
gagaaccttt
gtgtctagcect
ctctaccaat
gccagcagtg
ctttgcaata
acgctcaccg
ggaggaacga
tgcagcttca
acatccaaac
accacgaggg
gacacagtat
acagcccettg
taatgtgtta
ggcagaaagt
ggcccactge
aagaaaccca
gttgcacatt
acattctgct
ctgacctcca
taggttttecc
atctattact
gagtgtaaat
aattagcctt

catgaataca

76

ttatgtctag
tgtaaacaca
actctatcta
aaatacacca
ctgtgtctag
tggggacgtg
tgtatctagce
gtgaatgcac
gtgtggacac
catggattgt
cagcaggatg
gcaacccgcet
aatcttgcetg
cgaaggtctg
acaactccag
ctcctgagee
atcagaacga
tcceeggett
gtcagaaaca
caattaactt
ctcectaagg
aaaagattct
ttggaggaga
cgtttcatat
tgtctttatt
ataatgcaat
aaagtgatca
tcgattgatc
gcatcctgac
tttaaatgtt
atttaaccat

cacaattatt

ataagggatt
ccaatcagca
gctactctgg
atcggcagtce
ctcagggttt
gagaaccttt
tcaaggtttg
caatcaacac
tctgtatcta
aaatgcacca
tgggtgggge
cgggtccccet
ctgctcactg
cagcttcact
aggcgccgcec
agcgagacca
acaaactcca
cattcttgaa
atatgagtca
ggccatgtga
cagagtgccce
gaaatgataa
gcactcagga
gaaactgcett
tgtggcttgt
ttcaagttct
agatattttt
attattcatg
acatatgaca
ttcaccacaa
ttaatattgt

atttgtcaat

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160
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ttaaaatgaa
tcctcacggt
gatgcctcett
tcatcaccat
atgttggcete
ttgtagttta
aggttctcct
atctgctact
atgacaatca
ctcctettte
gtgcttatga
gggttttatg
actctttgtg
aggctagtaa
aataacctga
aaacaaacaa
atatctggca
gaagatacct
ggagcccttt
ccteeccagtt
cacttcccca
gaaaatgcca
cagaaatggc
gaaaagaata
ttccttctac
atagcagaca
tgcatgagcc
tataaataaa
gtattacaag
ttaataagga

acacacacac

ataataaaaa
gactaacgca
tgtctagatc
cctggacaac
aaatgtccett
atgcctcaga
ttatggaatc
acctgtatta
tttgttaata
ttgectectet
ctggattaaa
gtccattatt
gaaaatatct
gcatgaggat
gtgattactg
ctacagtcaa
ggactcttta
gtggagctaa
tgattgaagg
tctccagttt
tttctaataa
tagactttca
aacattacct
atttaatttc
cctccccatt
gctaaggcetg
ctttcagttt
attatttctc
ctatacttaa
ttaagtgaga

acacattgaa
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ataacaaagg
aaaaacgttc
tctatccect
atcaggacag
gaactttccet
gttcagcttt
ttctgtactg
tgcctctace
tgacttgccet
catttctcct
aattgatatg
atttcctatg
gtaaaccttce
gcctecttet
atgaaagagt
aatgtttcte
gagaggtagc
tggtccaaga
tgggtgcccce
ccectttttee
taaagcaaag
aaattatttc
ttgattcaat
tttcceccaca
tctectetete
gttttttcta
tttagtttat
agttatatac
ctcacttgga
taatgcccat

aggattctta

cattagcctce
tatttcatcc
cctgttttcet
atatccctca
ttcaccacce
taagcttctg
atggccatgt
tttattagceca
ttecettttte
gccttcactt
gacttatcct
cattgatctg
tggttcactce
ctgatttttce
gagaatgtta
tttttattag
tgaagctgcet
tggtggagce
caccttacag
taatatatct
gctagttagt
atacatcggt
gtaatggaaa
cctccttcece
atttctcaga
agtgaagaag
atacatctgt
tagctatgta
aaactcaaat
aagattccta

ctttgtgcta

77

tgcattgecct
ttacaaacat
ctacgttatt
ccaagccaat
tttccacagt
acaaattatt
cctttaacta
gagttatctg
tgctattcett
ggacgtgcett
aatgttgttc
gagaaggctt
tgctatageca
ccacagtctg
ttgatagtca
tggattatat
gttatgacca
ccaagcaagg
ggacaggaca
cctgataaaa
aagacatcac
ctttetttat
gagctctttce
tgtctcttac
agtatatttt
tgatattgag
attgttagaa
acctgtggat
aaatacctgce
ttaataacag

ggaactataa

ttaccggtca
ccctatettt
tatatgggta
gttcctctet
caaaaggata
cttecctettt
ctatgtagat
tactgttgge
gatcaaatgg
cacgtagtct
gtcataatat
caatcctttt
atttcagttt
ttggtcacag
caatgacaaa
ttecectgacct
ctagagggaa
aagttgttaa
tctggatact
tgtctatact
cttgecatttt
ttcaagagtc
aagagacaga
cctatcttcec
gaaaggattc
aaggtagggt
tgttttataa
atttccttaa
ttcatagtta
ataaatacat

taagttcatt

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020



10

15

20

25

30

35

40

45

50

55

gatgcattat
atactggata
aaaagggtaa
cctattgtga
aggatggggt
cagggtagtg
tcatttcaaa
tactttttgt
agatgataga
tcectgtcececag
gatgtcaaag
agatgactag
cttttcecta
agaccttgga
ctccaaaggc
tcatttcttt
gagcttgcac
accagtggtt
tgaactgcac
taagccectttt
atttggtata
tagtcattta
gagaggtaga
agcaagacct
ctgtagtccce
ggctgcagtg
gcctcacgaa
tgatgctcta
tgttagatta
acttttattt
agagtagtaa

atatagacat

atcattaagt
cctccaaact
actcaaacta
tattttataa
gctatgecece
tagggaccac
caatccatac
ttaaatgtat
tagaataaat
accaaagtac
gaagtcaaaa
atcaaaaaat
catctgagat
agcatacagg
acagctcaaa
gagaacttca
tttcecceett
ctttgaagag
actttcagtc
tggtcataaa
ttaaagatgt
aatagtctgc
agtgggagga
cgtectectact
agctactcag
agacatgatc
acagaataca
ccacataggt
attttgtaat
tctggacttg
caatataaag

tgatgtgaaa
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tctaatttca
cataaagata
tggcttgtet
aattattctc
aaatcagcct
agggttaagg
acacacagcc
aaataagtgg
gcttgectte
cttgcectteca
gatgtgaaaa
ttcagccata
cccagcttct
agagctgaac
cttttcaage
gggaaaatag
tctggaggaa
acttccacct
cggtcectcac
acattgaatt
gttgtctact
aagccaggag
ctgettgage
taaaaaaaaa
gaggccgaaa
ttgccactgce
aaaacaaaca
ctgggtactt
attgatatta
taatagcttt
ttattgtgag

ttgtctattg

acactagaag
attaaattgc
aattttatat
aagttattat
cacaattaag
gggcagtaga
ctgagcactt
atgaaagaat
atagctgtct
cttaagtaat
acaatttctg
tcttaacagt
aagaccttca
ttggtcaaca
cttctctaat
acaaggactt
atatttatcc
gggaacagtt
agttgaaaag
ctaatctcce
gtctagtatc
tggtggctca
tcaagagttt
aaaaaaatta
tgggaggatc
actccagect
aacaaaaaac
tgtacacatt
ttcctagaaa
ctcttgtatt
tttttgcaaa

tcaatttatg

78

gcaggtatta
cttttgtcat
atcaccctac
gaggatgttg
ctaagcagct
attatactcc
acaaattata
agatagatag
ccctaccttg
caattcctag
acccacaact
gagtgaacag
attctcactc
aaggagaaaa
cttaaaggta
gecctggtget
ccaggtagtt
aaacagcaac
acctaagcett
tctcaaccct
cctcaagtag
tgtctgtaat
gatattatcc
gccaggcatg
ccttgagcete
ggacagcaga
tgctcegeaa
atctcattge
gctgaggect
caccatgttg
cacagcaaac

ggaaaacaag

tctaaatttc
atatttattc
tgaacatgac
aaagacagag
aagagtcttg
cactttagtt
ctacgctcta
atagacagat
ttcaaaatgt
gttatattct
catgetttgt
gaaatctcecct
ttgatgcaac
gtttgttggce
aacaagggtc
tttggtaggg
ccctttttge
tacagggcct
gtgcctgatt
acagtcaccce
tgtcaggaat
tccagcactt
tggacaacat
tgatgtacac
aggaggtcaa
gtgaaacctt
tgegettect
tgttcataat
caagatgata
taactttctt
acaacgaccc

tatgtacttt

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940
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ttctactaag
attacttgag
actggtgtgt
tttgccatca
tatgtagaca
atagacaatg
ctctactagg
tagcactatc
tccecgageag
caggagactg
ttttttttce
gtcaggagct
ttctectgage
gctctcattt
ctgagaagga
tcagcaataa
ttcacgtgtg
gaacttagca
actttataaa
accacctgag
ctgtaaaatg
caaatgggag
cggtecctece
gctaattttt
actccggage
gattacagga
gcaaagagtt
tttttgttta
ccattcatct
tgtaattagt

actattatta

ccattgaaac
tattatacaa
ggagacaaat
cttttagaga
tctecattett
agccctttte
ctgactcact
tgcagagcca
ggtttgctta
cccagceectg
ttctttcagt
ttgaatccaa
ctcagtttcet
caatacaaaa
aattgaacct
aattctcacc
taaaaaggag
ccctteccac
agtcttgggc
tgattagtga
gagggttttt
tgtagtggca
acctcaacat
tgtatttttg
tcaagcaatc
gttttaacag
taaagcagtg
actgcaatca
ttaactgtaa
gctttgcata

tcceccatttt
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aggaataaca
agacaagcac
gcaggtttat
gctettgggyg
tttettagtg
tcteteccac
ccaaggccca
gggccgagaa
tttatgcatt
gctgtgacat
tagaggaaaa
gcctgatcat
ctttttataa
tttcecgttta
gagactcatt
ttcacccagg
gatgcttctt
acagccatcce
agtatagagc
ctcagtttet
taattagttt
aaatctcggce
cctgagtagc
gtagagatgg
tgcccaccte
gctcataaga
acttataaat
ttcttgectge
taataaaaat
attaatcata

actacagtta

gaacaagatt
gtggacctgg
aatagatggg
accccagtac
tgagaataag
tcagcagcta
gcaatgggca
ggggtggact
taaatgatat
ggaaactatg
ggggctcact
ttccatgtca
gtaggagtct
ttaaatgcat
gactggcaag
cccactgagt
tcetttgtat
caataactca
agagattaag
cttagtagtt
gtttttgaga
tcactgcaac
tggaaccaca
ggtttcacat
agccttccaa
ttgttctgea
gctaactact
aggtgaaaac
aactgacatt
tttaatactc

aaaaaactac

79

gaaagaatac
gaggagggtt
atggcatcta
acaagagggg
aatagccatg
tgagatggct
gggctctgtce
ccagagactce
atttatttta
tagaatattt
gcacatacac
tactgagaaa
ggagtaaatg
gagcttctgt
atgtccccag
gtcagatttg
tctcacatac
tttcagtgac
agtacagatg
gtatgactca
aagggtctca
ttgcacttce
ggtacacacc
gttacacagg
agtgctggga
gcccgagtga
ctagaaatgt
tagtgttctg
tattgaaggce
ttggattctt

ctctcaactt

attttccgaa
attgtccatg
gcgcaatgac
acgcagggta
acctgagttt
tgcectgect
agggctttga
tcecctececat
aaagaaataa
tgggttccat
tagacagaaa
gtccccacce
atttccaatg
tactccaaga
aggctctcat
catgcactag
ctttaggaaa
tcaacccttg
ctggagccag
gtttcttcat
ctetgtcecace
caggctcaag
accatacctc
atggtctcag
ttataagcat
gttaatacat
ttgctagtat
tactttatgce
tatcagagac
tcaggtagat

gctcaagcat

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800
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acactctcac
attatgtctt
atgctggatg
gceteccagg
ttecctaagtg
tgactttecct
aggggtggtg
aactgtggct
acaaatgcat
atattatgta
ctgtctagca
taacccatca
gattaattcc
gctaccccat
taattcttgg
cagggtatga
tccagcatgt
ataagagtag
cctectgecece
ttetatcetgg
gcagaggccc
acctggatcc
tatcttectg
cttettegtt
aatataataa
gggatgagta
gagacctttt
aaaaaacact
atttgcctaa
ctgctcatgg

aaggaatcat

gagcaggagt

acacacaaac
tgctcactat
ctggggatac
ccaagttatc
actaaaaaat
aacctgagcc
gttttgattg
ctctggttga
gaatgcttca
acccaggatt
aaagcaaggg
ttgaataaat
caaactcata
catatgcaca
ttgcatgaat
aagagctctg
agaaatctgg
ggaagaacct
cgaacttcca
aaatggtttc
tcctageatce
acttgcccag
aaccctgcetg
agtggcctge
gaggaataac
agagaggaga
atagtctaat
attattatct
ggtcggacat
gccctgtget
tctgtggata

ctctaaggac
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ataaactact
ccaataaata
aaagatgttt
cattcagaaa
tacactttat
taacatccct
ctgetgtett
ctgttagagt
gaatatggga
agaagattct
cttggaaaat
ccctataggg
tagctctgag
acaataaatg
cagattatca
aatgaaatgg
ggctttgtga
agagcctacg
gggatcctcet
tccacagtcece
cagagactag
tgttcttect
agatgatcta
ccecteattece
tcttattata
gggaaggatt
caattttgcet
ttattttgec
gtcagaggca
gcactgatga
aaggagacag

ttggatttca

agcaaatagt
tttattgaca
aaatttaagc
gcatttttta
tcgtetgtgt
gacatcagga
cagttagatg
tctggcactt
atattatctt
tctgtgtgta
ctgtgagctce
gatttctacc
aaagtctatg
caggcctagg
acagaaatgt
aaaccgcaat
agactggctt
ctgagcaggt
cttaagtgtt
agcccctgge
tgcttagatt
tagttcctac
tgtggggaga
cactttaata
ggtaagggaa
aatggacgat
attgttttce
atgacaagac
gtgccagacce
ggaggatcag
ccatgaagaa

aggaattttg

80

agaattgaga
tgtacttctt
tccagtctct
ctectttgeat
cctgetetgg
aagactacac
gttaactttg
gtcactatge
ctggaatagg
agaatttcat
ctcaccatat
ctgagcaaaa
ctgttaacgt
catgactgaa
tgagacaaac
gcttectgee
aaaatcagaa
ttccttcatg
tcetgetgga
tagttgaaag
cctactttca
cttcgacctt
atggcttctt
tccagaatca
aattaagagg
aaaatctact
atcctcacge
tgagctcaga
tatgtgagac
atggatgggg
gtctatgact

actcagcaaa

tttggtccta
ggcagtctgt
gcttccaaag
tccactgttt
gatgatagtc
catgtggaga
tgaagttgaa
ctattattta
gaatcaagtt
aaacattaag
agaaagcttt
ggctggtett
tttettgtet
ggctctctca
tatggggaag
cattcagggce
gccccattgg
tgacagggag
atctcctcac
agttacccat
gcgttggaca
gatcctcctt
tgagaaacat
ctataagaag
catacgtgat
actatttgtt
taactccata
agagtcaagc
tctgcagcecta
caatgaagca
gtaaatttgg

cacaagaccc

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720
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tcacggtgac
gggtggggtc
tcagataggt
aggagagata
cagcattttt
gtgccttgac
tatctcatag
acagttcagg
caagttccag
tgttaattta
gtcaaagtcg
ttaagctcct
atctgactte
ctgcacagga
cgaggaaata
actgaaatct
ggtaattctg
acctcttgag
acggtggctc
attggatcac
tctactaaaa
ctcaggaggce
agattgcacc
aaagaagttt
attacctcat
gcacaagcta
gtctacatta
tgtccaagcect
tctgaagaca
ttagaagtag

gaagttgtgg

tttgcgagcet
agggctggcc
ggttaggtca
gaccatgagt
cattctacta
tcctatgttt
ggttattatg
acagagctat
aagatagcat
gcaatgggct
aatgcagctg
aagcagggca
actggaaaca
gttgagaggg
gtgtagattt
ttctatatgt
tgagatatgt
tacttagtat
atatatggga
ctgaggtcag
aatacaaaaa
tgaggcagga
actgcactcc
attatatgaa
ttattgatga
ataagtagac
catgagctct
tacagaacca
gtgtttttte
atattcctgce

tccaagccac
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ggtgtgccag
accagctatc
ggttggtggt
agagggcaga
ctacatggga
tcaggatcat
aggatcaaag
gggcttecta
caaccactgt
gggaccctee
gttagacttt
cagatgaaat
tggaagccca
aaacaagatg
aggctggagg
caggtgccat
attattgaac
atgctagaat
ttacatgcct
gagttccaga
atcagccagg
gaatcacttg
agcctaggeg
ttaacttagt
ggagcccaat
aattagtaat
tattaactgg
ccaagtagta
cacagcaaaa
cctgtggece

agttgcagac

atgtgtctat
agggcccaga
gctgggtgga
catgggaaag
ctgctecect
catctataaa
gagatgcaca
tgtatgggtc
tagagatata
tccagtagaa
ttttaatgaa
tgtctaacag
aggttctgaa
gtgaagggac
taaatgaaag
tttatgatat
atactataat
caaatttaag
gtaatcccag
ccagcctggce
tgtggtggca
aacccaggag
acagagtgag
tttactcaca
gtacttgtag
tagaagtcag
ggactcgaaa
aggctaggat
cacaaactca
ttgcttctta

catacttcct

81

cagaggttcc
tgggttatag
gtccatgact
gtgggggagg
atacccccag
gtaagagtaa
ctctetggac
agtggtctca
ctgccagtcet
ccttctaace
agcttagcectt
caactttgcc
catgagaaat
tagaaaccac
agaagtggga
ttaataatct
taatactaat
tttatcatat
cactttggga
caacatggtg
cgcegtcetata
gtggaggttg
actccatctc
ccaatactca
tgtagatcaa
atggtctgag
atcaaagaca
gtagacccag
gatattgtgg
cttttacttc

caaccataat

agggagggtg
gctggcagge
cccaggagcce
cacagcatag
ctaggggcaa
taattgtgtc
cagtggccta
atgtagcagg
cagagcctga
agctgcetgea
tcattaaaga
atctaaaaaa
ttttaggaat
atgagagaca
attaatactt
cattacatat
gataagtaac
gaggccgggce
ggccaaggca
aaacccctte
atcccagceta
cagtgagcta
aaaaaaaaaa
gaagtagatt
cttattgaaa
ctctectact
tgaaataatt
ttctgctacce
atgcgagaaa
ttgtcgattg

tgcatttcett

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580
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caggaaagtt
gattttctct
actgaaggcc
ttaaagggag
ccgtettcat
agtttgtgtg
gtgctgtggt
tceetttgee
catatgctaa
gaatggaaga
ctttctcaaa
ttgcccagtg
acagagagca
acaacatgat
gtgttgtaaa
actgtacctce
tatcataata
acaataaact
tcagagactt
ctgggctcat
gccttaattce
cttatgtgat
agaaaggcag
ggcctctaag
ctgatgggag
tccaacttat
atccacagtg
aaatctgggce
gactgcttgg
acaaaaagta
gtggctgagg

gtgccactge

tgagggagaa
tgggttacag
catgcctgece
tgtttatgtg
cctgcagtga
aaattctaac
gctgtgatag
gggtctgaca
ctactttaaa
actcattcct
aattagccat
acatgcacac
aaagaggtgg
ggcttgttgt
ataagctgaa
caattattct
ctgtaacaga
aatctcatcc
caagaagtta
ttggccecte
atcagggatg
ctgcctgacc
agctgactgt
actaagtcac
atagagaatg
gttttcttaa
agagaaacat
atggtgtctce
agctcaggag
caaaaattag
caggagaatt

actccagect
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aaaggtaaag
agattgtcat
caaattaccc
ttatagtgtt
cctecagtgece
tagcgtcaag
gtacacaaga
acaaagtttc
atcatttggg
acagaactcc
tattgtattt
tggtcaaaag
gtgaatgaga
ctaaatatct
tectgetgeca
ttaaggtagce
aaacacttac
tcataattct
agcaacttge
ctaatctcte
ggctcatact
ctagtagact
gatgagtgat
tctgtctcecac
ggtatcctcce
tttttaaaaa
tettttecee
acacctgtaa
ttcaagacca
cctggcatgg

gcttgaacce

gggggacaga

aaaaatttag
atgacaaatt
tttgacccct
catttactct
tcagaaacat
aactgagggc
aatgagaaga
cccaaatttt
gcttcacatt
ctatgtcttc
ccttctaage
taggctaagt
gggtaagtga
cctagggaat
acattaacag
atgcaactgt
tgaatatata
attagctaat
tcaagatcat
atggcaacat
cactgcagac
tatgaaattt
gaaggtgcct
tgtgtecttag
aacaaaaaaa
aatcttgacc
catcccataa
tceccagecact
tecttggacaa
tggtgtgcac
gggaggcgga

gcacattata

82

aaacaacttc
ataagcagac
tggtcaagct
tctggtctaa
acatatgttt
cctaaactat
aactgcagat
accaatgcaa
gtctttctceca
cctgatggge
caaagctcag
agaagggtac
gaaaagacaa
tattgtgaga
tcaagaaata
aatagttgca
ctgtgtccct
acatattatc
ctaagaagta
ggctgectaa
cttaactgge
ctgatgagaa
tctcatctgg
ccagttecett
taaattttca
attctccact
atacctctat
ttgggaggct
catggtgata
ctgtaatccc
ggttgcagtg

attaactgtt

agaataaaga
acttgagaaa
gcaactttgg
cccattgget
gtctagttta
gctaggaata
tctetgeate
gccatttcete
tctgtaaaaa
tagagttcct
aggtcttgta
tttcacagga
atgagaagtt
ggtctgaata
cctccgaata
tgtatatatt
agttctttac
atcctatatt
ggtggtattt
agtgttgatt
atcctctttt
aggagagagg
gtaccagtgg
acagcttgece
tttctcaagg
ctctaaaata
taaatatgga
gaggtgggtg
ccetgectet
agctattagg
agctgagatc

attttttact

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500
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tggactcttg
atagtgttta
tacaagctca
tttttectta
gcatgagcag
ctgtgtaacc
tcatgctgag
tgggtcccca
gactaaaact
catattctag
tatatatata
aaatatttat
acatgtgtat
gaggaaggca
ggacagctag
gatctgactt
tggtgcatta
agagctaaaa
atgacagaca
cttccagaag
cagaaatgtg
taaattagtt
tcttgaggtt
atacttgaca
gtttcgetgt
gaagatttag
aaatgaagac
caacctgaag
ctgtggcaca
ggggaaaaaa

tgtttaaagg

tggggaataa
gcatccagca
gctccctcta
gttcctgtta
ttctggecag
ttctaagcaa
gcttagggtg
gcaggatgcet
ccacctcaaa
aatatattat
tatatatttg
cttgcaggtg
agatttttag
tgaaaacagg
gtggcaaaag
ggggtgctac
ggaagatgta
gggttcacct
gacataatgc
aatggctttg
acatgactta
caacagacat
agcagctgtg
ctgttttttg
gaatgaatga
tgatgctatg
aggctacatg
agtatttata
ggctggaata
ttccatggat

gtgatatcag
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gatacatgtt
ggtgcttcaa
tcececttecag
catttctgtg
gcccctgteg
accttctgge
tgtgcccaga
tacagggcag
cggcatcata
ttcctgaata
ttgttatcaa
gcctctatac
gatctataca
aaaagaaaac
gcectgtgetg
tgggaagctc
ggcaactctg
gtgtgggtaa
ttgtgggaga
aagctggett
aggaactata
gcaaggaatt
agggttttgce
tattcatttg
tgtcttgtca
taaaaacttc
atgcatatct
cagataacaa
tgagccattt
gggtctagaa

actaaacttg

ttattcttat
aaccatttgce
catcctcatc
tgtctccatt
gggtcagtge
tcaagcacag
tgttctcage
atggcaaaaa
aagaaaatgg
tatatatata
ttgccataga
ctagaagcgg
catgtattaa
aaaccttgtt
ttagaggaca
tcatcttaag
atcctgagag
ctgtgaagga
aaaaacagga
ctgtaggagt
caaaaaggaa
ttcagatgaa
aggcccagga
tgaatgaatg
gcctacttgg
ctttttggtt
aacataaaca
aatacagaga
aaatcacaaa
agactagcat

aaatatgtgg

83

ttatgattca
tgaatgatta
tctgattaaa
agtgacctcc
cccacccececg
caatgctgag
ctagagtgat
aaaggagaag
atgcctgaga
tatacacata
atgattagtt
cagaatcagg
tatgaaacaa
tgccatttta
catgctcaca
gatacatctc
gaaagaaaca
ctacaagagg
ggtcaagggg
tcacagtggce
caaatttaag
tgttatgtct
cccattacag
acctcecttgte
tttcgctaag
caagtgtatg
caaacattaa
gtgagttaaa
ttaattagaa
tgttttaggt

ctaaataact

agcactgaaa
ctatactttt
taagcttcag
catagtccaa
ccttetggtt
tcatgatgag
gactcctatc
ctgaccacct
cagaatgtga
tacgtatata
attgtgaatc
ctttattaat
ggatatggaa
aggcacccct
tacggggtca
aggccagtct
ttcctecagg
atgaaaaaca
atagagaagg
aaagatgttt
gagaggcaga
ccactgagct
gacctcacgt
agtctactcg
agcacagaga
tttgtgatag
gaaaggaaat
tgtgtaataa
aaaaaacagt
tgagtggcag

agaatactct

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360
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ttattttttc
ccttgctgtt
tatattgggc
ctctcetctaa
aaattgaatt
gaggcacgcc
gaagggtggg
tcaaattcct
tgggcagatc
tctctgcetta
cttgggaggce
agatcatgcce
aaacaaacaa
attgttctct
tagaggggcc
gctaaaggta
cccagcttte
acaaaattca
tcacagccag
ttccatattce
gaccccttge
aaattatagc
cttcccaata
ttgttcaaag
tctctacaat
catataaata
atgatgtagg
tttattctce
tctaagcatc
aatcatagtt
tttatagtga

taatcacact

gtatcatgaa
cctgacatga
ctagaaatta
catagttgtce
ctatccttcet
tctaaggaag
gtgggagtgg
tgaggtgcgg
acttgaggtc
aaaatataaa
tgaggcagga
attgcactcce
acaaacaaac
gacttatcta
tggctcagaa
tgatgtgtag
caattttaaa
acccaaagac
aaattagcat
tctgtcagaa
cttcacctcc
tgttgactca
tactatccaa
tcttetgata
agttgttcat
aatatatata
tattattagt
ccttcaccga
ttacatcttt
tcatataaat
ggactttect

ctggccttca
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tagcagatat
aatccttaat
tgtagatggt
agcacaatgce
tattcaattc
gcaggtgtgg
ctaaccttce
tggctcactce
aggagttgga
aattagctgg
gaatcgettg
agcctccaga
aaaacccatc
ccattttccce
gcctetggte
acaagctcca
gccaattctg
tcactttgcc
gcactagagt
aatcctgttg
aatgctacca
taacaatctt
attagtcecttt
gtttcctata
gcatatatta
tttatgtgta
gtcccaaatt
atctcatcct
agggtattta
gggttcctca
gccatactac

tttcagtttt

agcttgatgg
ttttgacaaa
cctgaggaaa
ctaggctata
tacacatgga
ctctgcagtg
attcctagtg
ctgtaatcac
caccagccca
acgtggtgac
aaccggggag
gcgagactct
aaattccctg
tccttaaaga
agcatccaag
gagatggttt
aggtagagac
tagcttcaaa
gtgcatgagt
gtttttegtg
ctctggtcta
cctgcttcta
tcaaaatgta
tcatttataa
tgtttattac
tgtgtgtaga
ttataattta
acattggcct
catttgccat
tcatctatgg
ttaaagtagce

ttttttttet

84

ccccatgett
ggggctattc
agtttatagc
ggaagtactc
ggaaaaactc
tgattgggta
cagaggtcac
agcagtttgg
gccaacatag
gggagcctgt
gtggagtttg
gtctaaagaa
accgaacaga
aactgtgaac
aaatacttga
ctcatttcca
tgtgatgaac
atccttactc
gcaacacaca
aaaggatgtt
agtcactgtce
ccactgcccce
agtcatatat
taaaaccaaa
agatacatat
gtgtttttte
ggacttctat
tattgatatt
tcectatgee
gtactctctc
gatacccttt

ccatagcacc

ggtttaacat
attttcattt
ttgtctattt
aaagcttgtt
atcagggatg
cttgcaggac
agcctaaaca
gacgccaagg
tgaaacctgg
aatccaacta
cactgagcag
aaacgaaaac
attctgtctg
ttccttecage
tgtcactttg
tatccaccca
aaacaccttg
tgacatatac
cacacaccaa
ttcagaggcet
accaccacct
actacaattt
ggtcacctct
tccttacaat
atatagctct
ttacaactct
gatctcatcet
ccttgaaaat
ctaaatattt
aggtgttaac
caccctgtece

taatctcatt

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280
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ggtatataac
gaaaacagga
ttttgaatga
tgacacatcc
gcctgecatag
gaattggact
ataaaaggct
tagagcactc
aaactgtgcc
ggtgtcagat
agtgttatgt
tttectgtget
atattctgta
tgagcttctt
atggtggttt
ccttccecta
catggatcac
gaatgtaatt
cacgttttga
tatatatata
ctgagcaact
cttgtgtaga
ctgecetttag
atccacacac
aatgggtttg
tcccagaaaa
tggtgacact
gtttagagga
ggaagtttac

ccgggggagyg

tggttttcca

atgtttcatt
actttattcc
atgaatgagc
actgctatgce
agctagttag
catttgtttt
caaaagatga
atgtttatgt
aaggcaggta
atggecttatt
gaggttcaaa
ttcectggetg
agattatagt
ttatgatcac
gctgcaccca
gccccccace
tggttttttt
tattttecctg
tgataatcac
tataaaacat
aatcatgcag
aaccaagcgt
ctaggcccct
agtttctgac
cccatctctg
catgactaaa
agtgtctgaa
gatgtttctt
tttcagaaca
gaaaaatcat

tatttcctca
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tgcttattta
tctattctgt
agtcaaacac
acacacaaag
cceteecgeag
gtaggctgag
atatcgaaac
aagcaattaa
gcctaatgceca
catccatctt
acacctctag
tccaaatctc
taagaattgt
tgttttttta
tcaacccgtce
cccaacaggc
ttgttttttt
gtatcctagg
atatttgtaa
atatatacat
gactctcaaa
ggggactgag
ccctcatcac
gctgceccage
ttgattagaa
ccagcaagaa
tgaggcttga
tccttcacag
aactcctgtg
tcagcatcct

tgatggatga

atgtcaagct
ttttgtgctg
atatacaact
aaatcagtgg
gcagagcctt
atttgctcectt
cagggtgttt
ttgtttecate
atatgccact
catgggaagg
gctataaggc
taatgataag
gggagccatt
atatgcttta
atctacatta
cccagtgtgt
ttttttttta
acttgcaagt
acacaacaca
aaacacacat
cactaaccta
aaggcaatag
agctcagcat
tatcaccatc
aacaaaacaa
gaagaaaata
gtacagaaaa
atgccttage
gggctagaat
cacccttagt

tctcgttaat

85

ctttccacta
tattcttage
ataattaaaa
agtagagctg
gatgggatta
gaaaacttgt
tttacactgg
agtcaggtaa
aaagtaaaca
atggccttgg
aacagagctc
catacttcta
ccgtetcetta
agttctgggg
ggtatttctce
gatgttccce
aagtctcagt
tatctggtca
cacacacaca
aacatattta
tagecetttte
caggagcatt
agtcctgage
ccaagtctaa
aataaaataa
caataggtat
gaggctctag
ctcaataagc
tattgatgge

gacacaaaac

gaaggtggtc

tcaagtccat
aattttacaa
ggatgtatgc
gaagtgctaa
ctgagttcta
tctgaccaaa
aatttataac
aagtaaagaa
ttatttcata
cctggacatce
cttttttttt
ttcaatgaga
tagttaaatt
tacatgtgcc
ctaatgctat
tcecetgtgte
taaatttttg
ctttagecect
cacacacaca
tcgggecattt
tatgtatcta
ctgactctca
tcttatctat
agaaaaaaat
gcccctaage
atgaggagac
cagcatagtg
ttgcggttgt
taaaagaagc

agagggggcc

tgacgagatc

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140
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attgcttctt
gaaatacaca
aagtactgaa
tcagaattta
tcttagcata
ttaaaatagt
tcagagtatt
attaaaaaaa
acttactcaa
aaatgggata
tcatgtagga
aagatcccte
gctccecgagg
actcttgaga
ggcagaggta
tagagggaaa
tcaggaaaaa
acaaaccccc
cctgaactta
tattctctca
acagaattta
atctagtaga
aatggaagca
tcagtggttt
tatttgtggt
ttcagtgaag
ctaatagcat
tagccagaaa
tttttagaat
aggaattaat
cttaagacat

tcttactgat

ccatttaagce
ttttttattc
gatagcatgc
aaaaagatca
taatcagagg
ctcatttgaa
gttttattte
cccaagaatt
ggtcccaaaa
tttatgagtt
aagtgtggca
ctgecttaatt
tcagtcacac
atgagcctca
cactacgaaa
caacgcatac
tcactaatgg
ttgacattca
aaataaaagt
ttctttacaa
tgacttgtga
atcatttgct
gaataattta
acaagccttg
aaagaatatt
tgaagggcct
ctaagaacag
gatttaagaa
cctgcataga
cttcatcgaa
acatagattt

tactttttet
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cttgctcact
aggaaacata
ataggcaaga
ccaagtcaag
tttttcaaaa
ttaactcttt
tatgttctta
tcttagaatt
ggtcaaagaa
ttctaagttg
taactggctg
aacattcaca
aataggatgt
gcectggetce
gcaacagtta
tggggcctat
atgctaageg
tttatctatg
tgaaaacaag
ttacactaga
tatccaagtc
tacatctatt
aaatctggcet
tttatatttt
cattaaagta
actttactta
tacaatattt
aatattggat
acttaagaaa
tttgggtgtt
tattttacta

gactgtctaa

tgccaatecct
ctatgttata
aaaagtcctt
gacttectcag
tttctagaca
atataaattg
gttcataaat
ttaatcatga
accaggaaag
acagactcaa
attctggett
agtaactctg
ctgtgctcca
aaactcacct
gaagctaaat
cagagggtgg
taatacctga
taacaaacct
aaagcaacag
aaatagccac
attcctggat
tttgttctga
aatttagaat
tcctatttta
tttatttctt
acaagaatct
gactcttcag
gtttcettgt
ttacaaatgce
tctttctaaa
attttaatta

tctttetgat

86

cagttttaac
gtttcaatac
agctttatgt
ttctagcact
taagattcaa
aaagcacatt
acattaggca
aaataaatga
taaagctata
gttttaacct
tctactcectt
gttgtacttt
agttgccaga
gcaaacttcg
gatgagaaca
agggtgagag
gtgatgagat
gcacatcctg
tttgaacact
aggcttectg
aatgcaaaat
gaatatagat
cctaagcage
aaaataaaaa
agataatacc
aatttatata
gttaaacata
ttaaattagg
taaagcaaac
agtcctttat
tatagacaat

ctatcctgga

cttctcecaga
taaataatca
tgotgttgtt
agaggtggaa
agccctgcecac
ctgaactact
atgcaattta
aggcatcttt
tttcagecgga
tcagtgccca
tttcccatta
aggcacagtg
gagagagatt
tgagagatga
catggactca
aaggagagga
catctataca
tacatgtacc
tgttatggtc
caaggcagcce
ctaacacaaa
ttagatacat
tcttttecta
taaagtaagt
atgaaaaaca
atttttcata
tgtcataaat
catcttacag
ccaaacaggc
acttaaatgt
aaatgaatat

tggccataac

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060
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acttatctct
atggtatctce
cttgaaccaa
tcaggattta
tcttgaaget
ggatgcaagce
actggctcceg
tgtccatact
acctgttctce
tgtectgacce
agcaaattcc
ctcaacgact
agctgcetttt
acctaggatc
cacagaacac
gtaactgaaa
atcagtacct
gtattgcaga
ggctggagtg
attctcctge
ctaatttttg
ctecectgacct
agccaccacg
ggatcttaag
taataaatac
taaacttagce
acagtctgcc
gttagccaat
atggagtaga
aagacttctg

tttttttttt

ctgaactttg
atatgataaa
caagcatcga
taagccttgt
ccteectace
caggtctgga
agggagcagg
ctgaatggga
caaactcttg
tcacattcaa
ccctgaaaac
gttcttctet
tgtctagtca
ttgtcttecct
tagggggctg
tttagcattt
attgcatagt
tctttttgtt
cagtggcatg
cttggectcece
tatttttagt
cagatgatct
cctggcccat
gtagctgtag
tataccacaa
actcctatgt
aaactggcct
ggttagaata
aattcagtgg
gaatcatggg

ttttttttat
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ggcttttaat
caaataaaat
agcaataatg
tactgagaca
acctttagee
accataggca
agaggatcaa
agaatgatgg
gccttgagat
gttctgagga
ccagagctgt
gagtagccaa
ttgttctttt
aggctatata
gtgaagttta
tcttctactt
tataaagaga
tttgtttttg
atttcggctc
tgagtagctg
agagatgggg
gceccgecttg
tgcagatatt
acccaatcct
atgtaatgtt
atattatttg
gtgacacaaa
tatgctcaga
cctggaataa
agaaaagcaa

cacaaacata

ataggaaaga
gcttaaaaat
agactgcccg
caaacctggg
ataaggaaac
gtaaggagag
ccccatacte
gattacccat
acctggtcct
agggccactg
atcttaattg
gctcagcttg
atttcagtgg
ttttgtccca
tagaaaaaaa
tgaatgcaaa
aaccacagat
tttgagatgg
actgcaacct
gggattacag
tttegecatg
gcctectgaa
tttaattcac
agatctaatg
tgatgtctga
atgcaataaa
aaaagtttag
aagataccat
taacaatttg
gggagacatt

agaaaatata
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aaagcaataa
gagcaggtga
cagcctacct
cctttcaatg
atggaatggg
aagaaaatgt
tgaatctaag
agggcttgtt
tattccttgg
ccttcatact
gttaaaaaaa
gttcaagcta
atcaaatacg
ggaagtctta
atctgtattt
ggacaaacta
attttcatac
agtttcgcetce
ccccttectg
gcacctgcca
ttggccagge
gtgctgggat
atttatctge
ctttcataaa
taatgatatt
aacatatttt
gaattcctgg
tggttaatag
ggcagtcatt
cttacttgcc

ataaataaca

tccatttttce
agcaatttat
gacttctgag
ctataacctt
tcagatccct
gggctctgca
agaagactgg
ttagggagaa
actttggcaa
gtggatctgt
attatattat
caagcagctg
ttecttteccaa
atctggggtc
ttacttacat
gaatgacatc
tacaccatag
ttattgccca
cattcaagca
ccatgccagt
tggtcttgaa
tataggtgtg
atcactactt
gaagcaaata
tcagtgtaat
tttagcactt
ttttgtctgt
ctaaaagaaa
aagtcaggtg
acaagtgttt

aagtcaggtt

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920
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atagaagaga
tgggagacag
acaggaaatt
aagaaatggt
atcgagacca
ctgggcatgg
gtttgaaccc
ggcaacagag
aaaaaagaaa
gagattatgg
tgcttctatt
aatttattcc
agtgatatag
cccaacttcce
tacagaaaaa
tatcgattca
ttaggcttct
agagagcccc
aaagagagag
aatcacccca
tattctgttce
gtacagaagt
tttaacagct
caaatgttaa
atgaggcttt
gagggtaaaa
aagagcctca
ccteteegga
agtaccatgg
aggcagcagc
gcatcatggt

tgaatgtgga

gaaacgctct
gagccatact
gtaggaacag
agaaatggat
tcectggeaaa
tggcatgcge
aggaggcgaa
tgagactcceg
aaataaatgg
tgatgtaagg
attcccccaa
ttgattctaa
catgagcaat
agtttcagct
aaaaaggaca
cttttttete
cagctccctt
aggcaatact
gattctectgg
aggtactgta
agtttctaga
tttgtttaca
ttattttett
atgegetttg
cttggaaaag
aaggggacaa
ggatccagca
cctgactcca
agaacagggg
acatatctgc

gcattttact

agaggctgga
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tagtaaactt
gctaagtgaa
aaattcctag
ggagacggag
catggtgaaa
ctgtagtccc
ggttgcagtg
tctcaaaaaa
atgtagaaca
gacttttata
tcattacttc
aatatgagga
attcttcagg
ctaccaagta
ctagaggaat
tgtttgatga
cccagtgaga
cacaaagtag
aagcactgga
ctttgggatt
aggaactatg
atgcactcct
ttecettggee
gctgaaactt
gagaatggga
atggaaattt
cacattatca
cccctgaggg
gccagaactt
ttccgacaca
gctgaggaga

ggtgaagect

ggaatatgga
aaagacgaag
atctggtggg
gcagaggtgg
tcecegtcetet
agctgctecgg
agctgagata
aaaaaaaaaa
agccagaagg
gaattaacaa
tgtcacattg
taatgacaat
cacatggatc
aagagctagc
aatataccct
caaattctgg
agtataagca
ccaatgtccc
tgtaatcttt
aaggctttag
tacggttttt
taagagagct
ctgtttttgt
tttttectat
gagatggata
gtgttgcaga
caaacttagt
acacaggtca
cggcagtaaa
gctgcaatca
aggctgecegt

tgggcaggta
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atccccaaag
aacctctagg
gcaaggggag
gcagatcatg
actaaaaata
gaggctgagg
gtgcecattge
gaaagaaaga
aggaactggg
tgctggaatt
atagttaaat
ggtattataa
gaattgaata
aagtcatcaa
gactcctage
ctttaaataa
ggacagacag
ctgtggtcat
tectgtetgte
tcccactgtg
gtctcectag
agaactgggt
cactgtcacc
tttgagattt
tcattttgga
tagatgagga
gtccatccat
gccttgacceca
gaataaaagg
ctagcaagct
cactagcctg

agcattggtt

gcacttgact
gcctgaacat
ccataggaga
aggtcaagag
aaaaaattag
caggagaatc
actccagtcet
aaagaaaaag
ctggggcaat
tgtggaactc
aatttctgtg
gggcagatta
cactgtaaat
aatggggaca
ctgattaata
ttttaggatt
gcaagcaaga
agagaaatga
ctctctaggg
gactacttge
agaaactaag
gagattctgt
acctttaagg
gctecctttat
agatgatgaa
gccaacaaaa
cactgctgac
atgactttta
ccagacagag
ctcaggcctg
tggagcaaga

ctcaatgcat

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840
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gggaatgaag

catctctaat
gacccagaga
ccccaaggte
catggacaac
tgtggatcct
tattttgaca
tcatgggtceg
tgattcagaa
gaaatcttgce
tgtgaaagaa
atgccttatt
ataaaagatt
cagtattgtg
gagaactctt
aacagggaga
taggtagaat
ttttgggtgg
taaagccgtt
caacatgcct
ttattectgge
agctggtgtc
ttgcaggtgt
tgagagaaag
tatcttctce
gagagaaaca
aatgtggatg
ctttatcggg
gcaccgggga
acttttcatt

ctagaattac

ggtgaatatt
tttgtatctg
ttttttgaca
aaggcccatg
ctcaageeceg
gagaacttca
ttaattgaag
agcttgatgt
ctagtgacag
cagaacttga
gaatgaaatt
ttatgtgggt
tgctcaaaga
accaagtgaa
gcagcactca
gagggaaccc
gttgaatgta
gcacaaacct
tttgtttgtt
gtgtgttatt
tactcacttt
tgctgtegece
tcctgtgacce
ccttetgttt
atcttttact
taggaagaac
ttatgggaga
gtgggaaaat
aagaaggagc
aaaaacaaaa

tattttaatt
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accctagcaa
atatggtgtc
gctttggaaa
gcaagaaggt
cctttgetaa
aggtgagttc
ctcataatct
tagaacagca
taaaggacta
tgtgtttatce
tggcttttgg
catgataatt
aaaataagac
ggcttgttte
cattctacat
aataatactg
gggctcatag
tggaacagtt
tgtttgtttt
ttgtcttttg
ggcaaggagt
attgccctgg
ctgacaccct
aataaagtac
cttgtgttaa
caagagcttc
attccaggat
ggttaattaa
tgttagtggt
acaaaacaaa

tactcttatt

gttgattggg
atttcataga
cctgtcgtcet
gctgacttcce
gctgagtgag
aggtgctggt
tattggaaag
gacttctagt
ctaacagcct
ccagagaatt
tagatgaaag
gaggtttaga
acattttcta
cgaatttgtt
ttacaaaaat
gtaaaatggg
aataaaattg
tgaggtcagg
ttcatcaagt
cctaacagct
tcacccectga
cccataagta
ccttctgecac
attttcttca
aaggaaaaag
cttaagaaat
tccaaggagg
gtggacagag
acctgagaaa
acaaaacttc

tacattttga

89

aaagtcctca
ctcctegttyg
ccctetgeca
tttggagatg
ctgcactgtg
gatgtgattt
accaacaaag
gagcataacc
gaattggctt
gtattataga
tccatttcaa
aagagatttt
aaatatgtta
ggggatttta
tagacaattg
gaagggggtg
aacctaagct
gttgtctagg
tgttttcgga
cctgggtaac
agtgcaggcet
ccactgagtt
atggggactg
gtaatcaaaa
tgttcatggg
gtatggggge
atgatatgat
actcctagge
gcagatttgt
atagatatcc

agtagctagce

agattttttg
tttacccctg
tcctgggcaa
ctattaaaaa
acaagctgca
tttggcttta
atctcagaaa
aaaacttaca
aacttttcag
attgtagact
ggaaatagaa
tgcaaaaaaa
aatttcccat
aactcccget
cttaaagaaa
agggtgtagg
catctgaatt
aatgtaggta
aacttctact
gtgatggtga
gcctggcaga
ctcttecagt
ggcttggect
attgcaattt
ctgagggatg
ttgtaaaatt
ggagaaaaat
agtttttact
ggtacatgtce
aagatatagg

ttgtcacatg

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700
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ttttatgaaa
tgaaggattc
tatcttctga
aagtttttgg
aattctaaaa
gaagggagag
acaaaaatac
agtgactcag
caagtttgca
aacccaagag
gacatagtat
aagctcccag
gtgtgaaggg
gagttttgac
agagtgccat
tcagactttt
gagacaaata
acctttcaat
acctagtcag
atggggtaca
gatatccatt
ttctagccat
tcaaacatta
ttaaatccce
ctctaccacc
tgactttctg
ttgttectget
aaatgacaag
taatccgttce
gtgcttcaat
ataaataacc

aaatcttcat

ttgatttgga
cattatttca
tagaatgtaa
agagtgtgat
ccagcaagct
taagacatac
aagcttttac
gaaataagat
gataaaataa
gagcagtgag
tcgactgact
actggtgaag
tagagggata
cttcaggtct
attttggcaa
tcctgtgaat
attattgtag
atgcccataa
tcaacaaatg
tgtgatactt
gctttgagceca
tttgaaatat
tggcttaatce
tceccatacac
atgagaccca
tatctggett
tcagggettt
atttcattct
atctgttgat
aaacatgagt
actagtgaga

actgttttcc

EP 3 620 521 A1

gataagatga
tgggttagct
catgcactaa
gaagactttc
agggcttcegt
gtagaggact
tatgctattg
tttgggaaaa
aatatggatg
tctgtggaat
gtgggagatg
ataacaggag
ttaacagatt
tgtgtctttc
atataacttt
tacttttgaa
ttgcaggcta
acagagtaaa
ggagcaatgt
acatgcctag
tttatcattt
ataataaata
cttctatcca
actcacactt
cttttttage
attttattat
caattaacat
ttttcatgge
agacacttag
gtaatgtgtc
ttgetggatt

ataatggttg

gtgtgtatca
gaagctaaga
aataaagtta
cgtgggagat
gacttgcatg
aggaaagacc
caatactaaa
agtaatctge
atgattcaag
ttgaaggatg
agaaggaaga
gaaaccatgc
tactttttag
atatcaagga
attagtaatt
tttggectgta
tcaacaatac
cagggattat
gcattttttg
aacatgtgat
ctatgtattg
gtaattaact
actgtgtttg
ttteccagect
tcccacagat
ctatctcttt
aatgacctct
aaaatagtac
gttgatccca
cattggatat
gtatgatagt

tactatttta
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acaatagcct
cacatgatat
gagttaggac
agaatactaa
aaactggctc
agatagtaca
cgataagcat
ttatgtgcac
gggacagata
gacaaaggtg
aggaggtgat
actgacctgg
gaagtgctag
acctttgcat
ttatagtgct
tatatccaga
tggtctctcet
tcatggcact
atacatattt
gattaagtct
agaaaatttc
atagtcaccc
tacctattaa
ctgataacta
gaataaaaac
ggcataccaa
ggttccatce
tgtgcaaaaa
aaccttaact
actgatttcc
tetgttttta

cattcccacce

gctectttececa
cattgtgcat
ctgagtggga
taaaggctta
tctggaagta
gggcctgget
taggatgtta
aaaatggatt
caatggttca
gggtgagaaa
aaatgactga
tgactctcat
attggtcagg
tttccaagtt
ctcacattga
atatgggaga
gagccttata
aaatattttc
ttatatattt
agatatttag
aaatcctcat
tactcaaata
ccaacatctc
tcattctact
atgtgatatt
gagtttgttt
atgttgctac
tacaattttt
attgtgaata
tttettttgg
gtttactgag

aacagtgtgt

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30900

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620
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aagaaagagt
ttaatagccg
ctgatcatta
tctgagaatt
ttgataatct
attgtgaaga
gccatgcaaa
tgcatttgtg
gatgttattt
tgagttgatt
ttgccagcecta
gtttgctttg
tctgtteccat
ggccttattg
agacttgcett
tagttctgtg
ttctggcatt
tttccatttg
gatgtctttc
ttttttgecag
ctggtatgta
aattatttta
tcatatcatc
cttgtttcte
gtgagagtgg
cattcaatat
tcctttgtaa
gcagtttctg
tgtatcacac
acttgatcat

ttggcatcta

tccettttet
ttttaactag
gtgatgttga
gtctgttcat
atttgtgttce
ttttctecca
agctctttag
ttcttggtca
tctagaattg
tttgtataag
tcceecgeacce
tcaaagatca
tggtcgatgt
tatagtttga
gtttattggg
aagactaatg
atggccattt
tttgtgtcett
acctccttgg
ctattgtaaa
agaaagcaac
tcagttctag
agcaaacagt
ttgtctgatt
gtatccttgt
aatgttggcet
accgattttg
tggctattga
ttattgactt
gggttttgat

tgttcatcag
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ccatatcctce
agtaagtaga
gaattttttc
gtcecttagece
attttagagce
ctctgtgggt
tttaatttag
tgaaatcctt
ttacagtttce
gtgagagatg
atttgttgaa
gttggatgta
gcctatttgt
aatgaggtaa
ctcttttttg
gtggtatttt
tcacaatatt
atatgattac
ttaggtatat
aggggttgag
tcattggtgt
ggggttttgg
gacagtttga
gctcttgcta
ctcattccag
gtgtgtttac
ctgagtttta
gataatcaca
gcgtatgtta
atgctgtcgg

ggatattgat

acaaggatct
tatctcattg
atatgtttgt
tactttttat
ctggatatta
tgtctgttta
tcccagatat
tcctaagecca
agggcttaga
aagatccagt
tagggtgccc
agtatttgag
acaccagcat
tgtaatgcct
gttccataag
gatgggaatt
gattctaccc
tttcagecegt
attcctaagt
ttcttgattt
acgttaattt
aggagtcttt
ctttctcttt
ggacttccag
ttttcagaca
catagctgge
gtcataaagt
tgatttttgt
aaccatccgt
atgctattag

ctgtagtgtt
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gttatttttt
tagttttgat
tggtcatttg
tgggattgtt
ttettttgte
ttctgcagac
tttctttgtt
atgtgtagaa
tttaagtcct
ttcattctcc
tttccceccact
tttatttctg
catgetgttt
tcagatttgt
aattttagga
gcaatgaatt
atctatgaga
gttttgtagt
ttttgttttg
tattctcage
tgtatccaga
agagttttct
aacaatttgg
taatatgtta
gaatgctttt
ttttattaca
gatgttgaat
ttccaattct
gcatcceccteg
ctagtatttt

tttttttttt

gtcttttttg
ttgcatttcce
tatatctttt
tgttattttce
agatgtatag
tctteetttt
tttatgtatt
gggtttttece
tgatccatct
tacatgtagce
ttatgttttt
ggttctctat
tggtgactat
tetttttttt
ttgtttttte
tgtaggttge
atggcatgtg
ttteccttgta
ttttgttttg
ttggtcattg
aactttgcetg
acatacacaa
atgtgcttta
aagagaagtg
aactttttcc
ttgaggtatg
tttgttgaat
ctttatgttg
catgaaaccc
gtcaaggatg

ggttatgttce

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32820

32880

32940

33000

33060

33120

33180

33240

33300

33360

33420

33480
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tttcccagtt
tctttctcta
tggtagaatt
attatcattt
cttaagctag
tatgcatgta
taatagtatc
ggttaatctt
ttcatttage
ttagttattc
ttgtggtgtg
agggctgtga
gtgtcactat
ggatacatgt
ctgcacccat
cccecteace
tcattgttca
gttagtttgc
catcattttt
ttatatcget
aataaacata
acccagtaat
ccacactgtc
tcctattett
tctaactggce
tgatgatgag
tctgttcata
ttgaagttct
tttctceccat
tctttagttt
ttttagtegt

taggattttt

ttggtattaa
tcttgtagaa
cagctgtgaa
cagtecttget
agccctgtat
aaggtgttca
tecectgttttg
gctaatggtce
ttttgtattt
cctttctttt
accttatatt
actttcettt
tgtcggtcag
gcagaatgtg
caacctgtca
ccccgacagg
actcccactt
tcagaatgat
atggctgcecat
gatggccatt
cgtgtgcacg
gggattgctg
ttccacaatg
ccacatcctce
atgagatggt
cttctttteca
tecetttgtee
ttgtagattt
tectgtaggtt
aattagatcc
gaatttttge

atggttttag

EP 3 620 521 A1

ggtgatactg
tactgtcaat
tctatetggt
gcttattact
ctttccagga
tagtagccett
tttctaattg
tatcagtttt
ttttgcagtt
gctgggtttt
gtctgtctgt
tagcaccatc
ttcaagtaat
caggtttgtt
tctacattag
ccctggtgtg
atgagtgaga
ggtttccacc
agtattccat
tgggttggtt
tgtctttata
ggtcaaacag
gttgaactaa
tccagcacct
atctcattgt
tgtgtttett
actttttgat
tggatgttag
gecctgttecac
catatgtcaa
ccatgecctat

gttgcacatt

gcttcataga
aggattggta
cctggacttt
ggtetgttca
attcgaacgt
gaataatctt
agtttatttg
atttatcttt
gttttaattt
ggttctgttt
cctetttecag
tttgectgtat
tttgttgttce
acataggtat
gtatttcttt
tgatgttece
acgtgtggtg
ttcatccatg
ggtgtatatg
ccaagtettt
gtagaatgat
tatttctggt
tttacacacc
tttgtttect
ggttttgatt
ggccacataa
ggggtcgtta
ccctttgtea
tctgatgata
ttttggectt
gtecctgaatg

taagtcttta
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atgatttagg
tcaattcttc
tttgttgttg
gggtatctaa
ctcctttagg
ttgtatttct
cacttctcte
tcaaagaacc
catttagttce
gtttttgttt
actctttgac
cctagaggtt
ttattatact
agatgtgcca
taatgttatc
ctcecectgtgt
tttggtttct
tccectgcaaa
tgccacattt
gctattgtga
ttctaattct
tctagatcct
catcaacagt
gactttttaa
tgcatttcte
atgacttctt
ggttttttet
gatggataga
gtettttgcet
tgttgtcatt
gtattgccta

atccaccttg

gaggattctc
tttgaatgtc
gtaaattttt
ttettectga
ttttctagtt
gtggtatcag
ctcttttett
agctttttat
tcctettate
ctctagtttc
atcgacattt
ttgataggtt
ttaagttctg
tggtggtttg
cctctcctaa
ccatgtgtte
ctgttcctgt
gacatgaact
tctttatcca
atagtgccac
ttgggtatat
tgaggaatcg
gtaaaatttt
taattgcecat
taatgaccag
tagagaagca
tgtaaatttg
ttgcaaaaat
gtgcagaagc
gcttttgatg
ggttatctte

agttaatttt

33540

33600

33660

33720

33780

33840

33900

33960

34020

34080

34140

34200

34260

34320

34380

34440

34500

34560

34620

34680

34740

34800

34860

34920

34980

35040

35100

35160

35220

35280

35340

35400
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tgtataaggt
ccagcaccat
atcagatggt
atatatctgt
ttgaagtcag
atatgggctc
aaagtcagtg
gccattttaa
gtgtcctete
cacatccctt
aatgggagtt
tgtgatttct
agattttggg
gacaatttga
gtcctggega
tgtgceggtt
atgatcattc
tttgtagttg
aatttttaaa
agttccatgt
aatatctgtt
acctgcectag
gtctagtagt
aattgtaata
ttttttaact
tcgettttgg
tgagtcctta
tattcattct
cagtattgag
ttatctgtat

gatgtgcttce

gtaaggaagg

ttattaaata
cgtagatgtg
tttggtacca
gtagcatcat
ttttttgatt
gtagcttgat
agatattgat
ttatttecctt
agaagttgta
cacccatgat
gcacactgat
ctgagatgac
cttcctectcet
gaacttccaa
ttcaaagcaa
aggagcaggt
atttccaatt
aatttattga
gctgatgaat
aagtccattt
tgcagtcagt
aattgtttta
ttctceccatt
gctgtttett
tgtccatttg
tgtgttaggt
gcaattctgt
gtgtgaggta
ttttgttgta

cagggtttat
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ggtacagttt
gggaattctt
tggcattatt
gtaccatgct
gcctecaget
ccatatgaca
ggggatagca
tctttctate
gagcagtgag
tttctaggta
ttggctcectcet
tttgtatctt
agggtcttct
tcctatttga
tactatgttg
atgattttta
tatttaattt
ttattctact
ggcttgtttt
agaatgtgta
gttctttaaa
ggagtattga
taaatttggg
ggacaagggc
taaagtttgt
tgtggaatgt
gagtctcctg
atcttttaag
ctattccatt
tatgtcctat

ttcaagattt

cagttttatg
tctccattge
tctgaggcett
gtttttgtta
ttgttetttt
tttaaagtag
ttgaatctat
tatgagcatg
tggtttgtag
ttttatttta
gcttgtctat
gagactttgc
aaatatacaa
atatgcttta
agtaagagtg
aatttccatc
ccctgtattt
gtggtctgag
gtggcatatc
ttctgecagtt
tccattgttt
agtcccccac
atctccagta
ttttatcatt
tttgtctgac
cattttccac
aaggcggcag
tggagcattt
cttegtggta
gggatttatg

agagctcctt
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catattgcta
ttttgtgatg
ctgttctgtt
ctgtagcett
tgtttaggat
ttttttctaa
aaattacttt
gaatgttttt
ctctecettga
ttctetttge
tattggtgta
tgaagctgtt
tcatgtcate
tttctttcete
gcgagagggce
ttgatttcat
gcatggtttt
agagtgcttg
atatggccta
gttgggtaga
ctttgtagac
tattattatg
ttagatgcat
atatgatgtc
ataagaatag
ccctttacct
ataactggtt
agtccattta
tttgttgecet
ctttaaagag

ttatcagttce

gccagttttt
tttgtcaaag
ccactggtct
gtagtatagt
tgtettgget
ttctttgaaa
gggcagtatg
ccatttgttt
agaggttctt
agcaattgtg
taggaacgct
tatcagctta
tgcaaacaga
ttgcctgatt
atccttgtcet
tgttgaccca
gaaggttcct
atataatttc
tcttggagaa
atgtcctgta
tgtcttgatg
ttgctgtcta
atatattaag
cctetttgte
ctgetttgge
taagtttatg
ggtgaattct
cattcaacat
gtgtatcttt
gttctgtttt

ttgtagtgtt

35460

35520

35580

35640

35700

35760

35820

35880

35940

36000

36060

36120

36180

36240

36300

36360

36420

36480

36540

36600

36660

36720

36780

36840

36900

36960

37020

37080

37140

37200

37260
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ggcttggtag
tcatttgtga
agaaggctga
gctgttaatce
aagattctct
atatttttgc
ctctagcaag
tagatttctce
cccagatttce
attgggttaa
gctgagactt
tgaagttttg
tcttgtatca
gattagctta
gtttggatgc
tttcatatta
gaaagtctag
agtccccectt
tecttetggat
tgcacagagt
gctccaatgg
tcaatgcact
atcagcagag
gaatatatgc
caggactagt
ggaggatggg
cctetgetgt
gcccagcetcece
acagcaccga
ccagctgega
ttecatgtece

ttetttttec

tgccgaattce
agcttagttt
agatagggcc
tgataggttt
ttgtctttag
aatgaatttc
gtgggggaag
ttctttctea
ttggaggcett
ttcaaaaact
tctagagecat
aatgtttttt
tatttttggt
ataactgacc
attgctggtg
ccagagttag
gcctcaaggce
ttcctaggeg
ctageccacce
cttgtgacgt
aggtggcaga
atttttgtgc
gcagtcaggt
cctttgtett
cgtgtctgag
ggtgtagttt
gtcatgcagg
catgcaactc
atctgtttcce
aaccaagtag
cccaccaacc

tgtcatcttt
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tctcagecatt
cactggatat
atattcactt
tctttecatag
ataactttgg
ccaggtgttt
ttttecttga
ggaatgctga
tgttcatatt
ttgtcttcaa
tttgecatttce
atttatgcta
ttttttaaaa
ttctgaatta
agctagtatg
ttttctggtt
tgagactttt
tggggcttcc
atcaggtcta
gaaccatctg
ggatgaaatg
tggttggecct
ggtggtgget
cagctaccag
ctcagagtct
ccaggtcaat
tcatcaggaa
aaaaggttgg
atgcagtcag
ggctgtccta
cccccactge

tceccagttec

tgtttttcetg
aaaattcttg
ctagctttta
gttacctggt
atactctgat
attgagcttc
ttatttccect
ttattettag
ttcttattcet
gctctgaatt
tataagtgca
tctetttaac
ttggacttca
tttttcaggt
attttttggg
ccttetcact
gtcccatgag
tgagagccga
ccagactcca
tgggtctcete
gactctgtga
cctgccagga
gggggggctg
ggtgagtaag
ccttgggecag
ggatttatgt
agtgggggaa
tctcacttee
tgagcaaggce
cttececetgee
ccagccccta

tctggecagece
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aaaaacactg
gctgataatt
cggtttctge
agtttcacct
gacaatgtac
ttgtatttgg
ggataagttt
gtttgattgt
tttttctttg
tcttetgett
tccattcatc
tgaagatttc
ccttectegg
aaatcaggga
gggtgttaaa
tgggtaggct
gtgttccectt
actgtagtga
ggctggtact
agccatagat
gggtccttac
ggtggcactt
gggcacccta
gaaggaccat
gtectttctgt
tcctaggaca
agcaagcagt
agcgtgcacce
tgagaacttg
agtggagtct
gatctggecceca

ctcccaaatg

tgtattttct
gttttgttta
tgagaaatct
cacagctctt
ctaggcaatg
atatctaggt
tccaaacttt
ttaacataat
tctttgttgg
ggattctatt
cattgtttcc
tcceccteatt
atgcctectt
tttcttettg
gaaccttgtt
ctgtcagagg
gatgtagcac
ttgttatctc
ggggtttgte
acaaccacct
ttttggttgt
tctagaaagc
gaactcccaa
caggtggggg
ggctactgtg
attatggctg
cacgtgactt
ctcececcegea
ccccaggceta
gcacaccaaa

ggtggagatt

acccctgtga

37320

37380

37440

37500

37560

37620

37680

37740

37800

37860

37920

37980

38040

38100

38160

38220

38280

38340

38400

38460

38520

38580

38640

38700

38760

38820

38880

38940

39000

39060

39120

39180
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ggcaaggcag

tcctctacce
atcttctcct
cggtcccect
tecctgecagga
tatttctgca
tgcatccgag
tttgteggta
cccaaaacta
agtggataca
gataacttaa
acaagatttt
taagcaaaac
ggttgcttag
accactgagg
attctccact
gtttgttttce
gcaatgcctt
ttaatttcat
ttttatgtat
ttaacttaaa
caaatgtttg
gaaacagttt
aggaataaga
aagcataaga
taaatgggga
gcaattaaga
ttttgggagg
acatggtgaa
ctgtaatccce

agttgcagtg

aaatggcttc
ctgtattttg
gtggtctaga
ttteccacttce
gcaatctget
ggtggttctg
tgggagctgce
atatgcattt
tactgccecett
ctctttaccec
ttgaaagcaa
taatagttga
agttgtgata
agattatgtc
acaagtttat
ttacatatca
ttctgecttcea
cccatggecag
tcttagttaa
gttctaccta
tgcccactac
aaaatacatg
tatcagttag
cagttatgga
ggaaataagg
agttgtttga
ttcacttgtt
ccaaggcagg
atcccatctce
agctacttgg

agccgagatc
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ctaggggacc
cttggcecte
tcttcaggtt
cacagtttgg
tctttecagag
caaaaaaaat
aatgtacttc
ttaatcaatc
tgatatcaag
cttagggagce
attcataatg
aagaataact
aacaggtcat
attaccagag
gtccttaggt
acggcactgg
gagctttgaa
attccttetg
taatatctga
gattataatc
tttaaaaatt
ggaaagaatg
gatttaatca
taaggagaaa
gtttatacat
aaacaggagg
tagaggctgg
cagatcacct
tacaaaaata
gaggctgagg

ataccactgce

cagagagccc
taaattgact
ccccagtgag
gcactcacaa
ggtgtgtgeg
tcctgatggg
tgctgectece
tttttttecte
gaatcaagga
tatatctaga
aatacacaca
aataattgtc
tcttagaata
ttaaaattct
ttatgcttcc
ttectttatct
tttactattt
tcattttgee
aattattttg
ttcagaggaa
atgacattta
cttgaaaaca
atgtcagaag
tcaacaaact
gacttttaga
gatcctagat
gagtggtggc
gaggtcaaga
caaaaattag
aaggagaatt

actccagcect
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acagggcttt
cagctccagg
gatgtgtgtt
tatttggggt
ttectetecage
agacttcaca
catctgcceat
tctetetett
cgtgatgttg
tttagatatt
cacacacaca
cacaggcaat
gtaatccage
ataatggctt
ctgaaacaat
aactctctgg
cagcttctaa
tctgttcgaa
ttgtttaact
agttttattc
tttaacagat
cttgaaattg
caatgatata
cttaaaagat
acactgcctt
attcecttagt
tcacgcctgt
gttcaagacc
acaggcatga

gcttgaacct

gggtgacaga

tcecegetget
taaggtcaga
tgggggtaga
gtttceceggg
tttettgatt
tgctgectetg
caccctctaa
tttettectee
aggggtgggce
gccaattcaa
catctgcatg
aagggctttt
caatagtaca
ctcactccct
accacctgcet
cacagcagga
actttatttg
tactttctecce
taattattaa
tctgacttat
atttgctgaa
cttgtgtaaa
ggaaaaatcg
attgcctcaa
ggtttttgga
ctgaggagga
aatcccagaa
aacctggcca
tggcaagtge
ggaaggcagg

acaagactct

39240

39300

39360

39420

39480

39540

39600

39660

39720

39780

39840

39900

39960

40020

40080

40140

40200

40260

40320

40380

40440

40500

40560

40620

40680

40740

40800

40860

40920

40980

41040
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gtctcaaaaa
gacaccagtc
ctcagatatg
cctaatttgg
tcacccatcc
ataagttgac
acaagtgcaa
ccgectaaca
caccaatatt
caataagcca
cagagaaaaa
aaagaaaaaa
cactgagtta
gactattagt
tcttatgtcet
attctaatcc
agctacacca
atcatcgggt
aggcgtgatt
atattatatt
tcactacact
gataagtata
ccatcaaaaa
attggtacat
aaaacggctg
gggaagaata
aaaaaattaa
atctgtctga
caatagcctt
ccggcggetg
gcttetggaa

cagaggagga

aaaaaaagag
tctgacacat
gccaaagatc
gttcacctca
ttagattgag
aaatcttttt
tatgtgcage
ctttgagcag
attataattc
gatttccaga
acaaaagcaa
acagcatgaa
cagataaaga
caataaaaca
tagaataaga
atagtatctg
aaaccctggg
gcctacatac
tatttcaaat
acataacatt
aatgagaact
gcacttctta
tecectggaccet
gctttaactt
acaaaagaag
aattagagaa
gcagcagtat
aacggtccct
gacaaggcaa
gctagggatg
cgtectgaggt

caaggctact
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agattcaaaa
tcttaaaggt
tatacacacc
gtctctataa
agaagtcact
ctttccttte
tttgttgecge
atataagcct
ctatcaacct
gtttctgacg
aaccaaacct
tacttcctge
tgtctaaact
gtccectgect
ttcecctaaga
gtaaagagca
tcatcagcca
atacctgaat
aggtacggat
aatctattcc
taagagataa
tttggaaacc
atgcctaaaa
taaactacag
tcectggtatce
aaattggaat
cctettgggg
ggctaaactc
acttgaccaa
aagaataaaa
tatcaataag

atcacaagcc

gattcacttg
caggctctac
catctcacag
tctgtaccag
tattattatg
ttattcaact
aggtcaacat
tacacaggat
gataggttag
tcataatcta
accaaaaaat
catgttaagt
acagtgacat
cttaagagtt
agtgaaccta
ttctaccatc
gcacatacac
ataaaaaaaa
aagtagatat
tgcactgaaa
tggcctaaaa
aatgcttact
cacatttcac
gcctcactgg
ttctatggtg
gactgaatcg
gcececttecee
cacccatggg
tagtcttaga
ggaagcaccce

ctecctagtece

tgtggggcaa
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tttaggccett
aaatggaacc
atcccctatc
cataccaata
tgagtaactg
tttattttaa
gtatetttet
tatgaagtct
gggaaggtag
ccaaggtcat
aaaaatccca
ggccaatatg
cccagctgte
gttttccatg
gcatttatac
atctttaccg
ttatccagtg
tacttttgct
tgaagtaagg
ctgttgettt
ccacagagag
aaatgagact
aatccctgaa
agctacagac
ggagaagaaa
gaacaaggca
cacactatct
ttggccagcee
gtatccagtg
ttcagcagtt
agacgccatg

ggtgaatgtg

agcgggcetta
caaccagact
ttaaagagac
aaaatcttte
gaagatactg
cttccaaaga
ggtcttttag
gaaaggattc
agctctecte
ggatcgagtt
aagaaaaaat
tcagaaacag
acagtgtgtg
caaatacatg
aagataatta
agcatagaag
ataaatacac
gagatgaaac
attcagtctt
ataggatttt
tatattcaaa
aagacgtgtc
cttttcaaaa
aagaaggtga
actagctaaa
aaggctataa
caatgcaaat
ttgccettgac
aggccagggg
ccacacactc
ggtcatttceca

gaagatgctg

41100

41160

41220

41280

41340

41400

41460

41520

41580

41640

41700

41760

41820

41880

41940

42000

42060

42120

42180

42240

42300

42360

42420

42480

42540

42600

42660

42720

42780

42840

42900

42960
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gaggagaaac
ctgtgecetgg
ctgttcttgt
cagctttgge
tggcaagaag
cacctttgecce
caaggtgagt
actgagtatt
tgaagaaact
gagtgecctcet
ggaaaatgac
tgttattcegt
aggcagaagg
gctaaggcta
acttatatcc
acatttggge
gcgtgtgttt
acagggttca
caagaagaac
aacataggct
ctctcagete
atgtgctggt
cttecetggea
ctcactgceccece
taaatctatt
taaatatatg
ggctatgtgt
ttttgatgag
gtgggagtaa
cctcagaaac

cttcectgga

cctgggaagg
caaaagtcca
caatctcaca
aacctgtcct
gtgctgactt
cagctgagtg
ccaggagatg
gatctgagca
gcagaggact
gaaaatctag
ttttctttat
tttaaaacat
catatattgg
ttcctatatc
tttaattcca
tggagtagat
gtgtgtgtgt
tggtggcaag
aactacctgc
tgattctggg
actatgggtt
gaccgttttg
gaagatggtg
atgatgcaga
ctgctaagag
agccacaaag
gtttgtgtca
caaataaaag
aaggtgcagg
agatgttttg

ttgcagcaca
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taggctctgg
ggtcgcettcet
ggctcctggt
ctgeectetge
ccttgggaga
aactgcactg
tttcagcact
cagcagggtg
aactgggctg
atggacaact
tagatttcgg
ctatctggag
ctcagtcaaa
agctggacac
gatgggggca
tttgaaagtc
gagagcgtgt
aagataacaa
atttaatggg
tggaagcttg
catctttatt
gcaatccatt
actggagtgg
gctttcaagg
atcacacatg
ggttttatgt
tgtgcacact
aactaggcaa
agaaatctgg
gaagagatgg

gcagcgagga

tgaccaggac
caggatttgt
tgtctaccca
catcatgggc
tgccataaag
tgacaagctg
gttgccttta
tgagctgttt
agacccagtg
ttgactttga
tagaaagaac
gcaggacaag
gtggggaact
atataaaatg
aagtatgtcc
agctctgtgt
gtttctttta
gatttaaatt
aaagcaaaat
gtgtgtagtt
gtcteccettte
tcggcaaaga
ccagtgccecct
ataggcttta
gttgtcttca
tgagggatgt
ccacactttt
taaagaaact
ttggaagaaa
ggaaaggttc

aggggctcaa
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aagggaggga
ggcaccttct
tggacccaga
aaccccaaag
cacctggatg
catgtggatc
gtctcgagge
gaagatactg
gcaatgtttt
gaaaagagag
tttcaccttt
tatggtcatt
ttggtggcca
ctgctaatgce
aggggtgagg
gtgtgtgtgt
acgttttcag
atggccagtg
ctcaggcttt
atctggaggce
atctcaacag
attcacccct
gtcctccaga
ttctgcaage
gttctttttt
gtttatgtgt
ttgtttacgt
tgtacatggg
gacctctata
agtgaagggg

cgaagaaaaa

aggaaggacc
gactgtcaaa
ggttctttga
tcaaggcaca
atctcaaggg
ctgagaactt
aacttagaca
gggttgggag
agggcctaag
gtggaaatga
cccctatttt
aaaaagatgc
aacatacatt
ttcattacaa
aacaattgaa
gtgtgtgecge
cctacagcat
actagtgctg
gagggaagtt
caggctggag
ctectgggaa
gaggtgcagg
taccactgag
aatcaaataa
tatgtctttt
atttatacat
tagatgtggg
agttctgcaa
ggacaggact
gctgaaccce

gtgttccaag

43020

43080

43140

43200

43260

43320

43380

43440

43500

43560

43620

43680

43740

43800

43860

43920

43980

44040

44100

44160

44220

44280

44340

44400

44460

44520

44580

44640

44700

44760

44820
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ctttaggaag
ttccaacggce
agagatcaga
ctttactaag
ccataccctt
ttctagggag
tcagegtgtce
tttgtataac
tgcacgttaa
tctccagaaa
ctttggaaaa
ttttectcat
ggaagtcagc
gaaaaaatcc
aagtaaggca
atgtttatct
ctctactact
aattctattt
caagttcttt
tgceccttect
cataaaggac
ctttgtcctt
gctacttcat
tcaatagtat
ataacttcct
atttcgaagg
tggcctttta
tgaaagaatt
taatttgaag
tctagcaagg
agcaaaacag

tcagaaacag

tcaaggttta
atctggcecttt
gcaggaaaca
gaacttttca
aagtctacag
gtggggactt
atgtctcagce
attaattgag
taagcaagag
attcacatgc
gtaatcaggt
cagaagcaga
cacctgcaac
tgttgttgaa
gatgaagaaa
caggtttaca
ctcatctgta
tttcttcaac
ctttatattt
actttcagga
ccacttcaaa
ttttttttta
aggcagagta
gctaaacaag
gatgttgcca
tacatgtgca
gccatctgta
tcaccaatat
atacagcttg
ttagagatca
aaccaaaaaa

cactgtgtta
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ggcagggata
tctcageect
ggtttttott
ttttaagtgt
actggtcaca
aggtgaagga
agcagaacag
aaggcagatt
tttagtttaa
tgaatcccca
ttagaggagc
gagattagcc
ccaggaagag
gtcacccagt
gagaaaaaaa
aatctccact
agatgcaaat
gtactttagg
ctttetttet
acttctttcet
tgccatcact
gtaaaacaag
gacgcaaggg
gggtagatta
tggcattttt
ggatgtgcag
tcaatgagca
tataataatt
cctcecgataa
tggatcactt
ccaccataaa

gaaataaagc

gccattctat
tgtgaggctc
tccacggtaa
tgacgcatge
gcatttcaag
aatgagccag
cacggtcaga
cactggagtt
tgtgatggtg
actcccaatt
tcatgagagce
atttctette
agccctgacce
ctatgctatt
taagcttcgg
tgtcctetgt
agtaagcctg
cttgtaatgt
tttttttect
ccaaacgtct
cactaccatt
tttataaaaa
ctactggttg
tttatgetge
ttccttttaa
gcttgttaca
gatataagct
tcaatcaacc
gccagaattc
tcagagaaaa
tacttcctac

tgtctaaagt

98

tttattaggg
tacagggagg
ctacaatgaa
ctaaagaggt
gaggagacct
cagaagctca
tgaaaatata
cttatataat
ttatgaactt
ggctccattt
agatccccat
cttctggtga
aggaaccagc
ttgttatagc
tgttcagtgg
gtttcagaat
agcccttetg
gtttatatac
cagcctcaga
tctgectgge
tcacaattcg
attgaaggaa
ccgattttta
ccatttttag
ttttatttca
tgggtaaatg
ttacacagga
tgatagctta
cagagcttct
acaaaaacaa
cctgttaatg

acactaatat

gcaatactat
ttgaggtgtt
gtgatcctta
gaaattaatc
cattgtaagc
caagtcagca
gtgtgaagaa
tgaaagttaa
aacgcttgtg
gtgggggagg
catagaatta
ggacacagtg
agaaaagtga
accttgcact
attagaaacc
aaaataccaa
tctaactttg
agtgaaatgt
gttttccaca
tccatcaaat
cactttcttt
taaatgaatg
ttgttatttt
accataaaag
tttcatttta
tgtgtcottte
tcatgaagga
ggggataaac
ggcattataa
actaaccaaa
gtccaatatg

tcgagttata

44880

44940

45000

45060

45120

45180

45240

45300

45360

45420

45480

45540

45600

45660

45720

45780

45840

45900

45960

46020

46080

46140

46200

46260

46320

46380

46440

46500

46560

46620

46680

46740
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atagtgtgtg
gtacacgcac
caagataatt
gagcatagaa
ggtaaataca
taagatgaaa
cattaggtct
aaattgtttt
tattcaaaaa
gatttgtccce
tttcaaaaat
gaaggtaaaa
tagctaaagg
ggctataaaa
aaatatctgt
tgaccaatag
ggggccggceg
actcgcettcet
ttcacagagg
gctggaggag
gaccctgtge
caaactgttc
ttgacagctt
cacatggcaa
agggcacctt
acttcaaggt
gacaacggag
ggggtgaaga
taaggagtgce
atgaggaaaa

tttttgttgt

gactattagt
atcttatgtc
aattctaatc
gagctacgcce
catcatctgg
cagtcatgat
tatattatgt
cactgcacta
gaagtatagc
gtcaaaaatc
tggtacatgc
aacggctgac
gaagaataaa
aaaattagca
ctgaaacggt
ccttgacaag
gctggctagg
ggaacgtctg
aggacaaggc
aaaccctggg
ctggcaaaag
ttgtcaatct
tggcaacctg
gaaggtgctg
tgcccagetg
gagtccagga
tattgatctg
aactgcagag
ctctaaaaat
tgacttttct

tttaaaacat
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caataaaaac
ttagagtaag
cacagtacct
aaaaccctgg
tgtatacata
ttatttcaaa
aacactaatc
ttgagaaatt
actttttcct
ctggacctat
tttagcttta
aaaagaagtc
ttagagaaaa
gtatcctcett
ccctggctaa
gcaaacttga
gatgaagaat
aggttatcaa
tactatcaca
aaggtaggct
tccaggtege
cacaggctcc
tcctetgect
acttccttgg
agtgaactgc
gatgtttcag
agcacagcag
gactaactgg
ctagatggac
ttattagatt

ctatctggag

aacccttgece
attccctgag
gccaaagaac
gtcatcagcc
catacctgaa
taggtacgga
tattactgceg
aagagataat
tagaaaccac
gcctaaaaca
aactacaggc
ctggtatcct
actggaatga
gggggcccct
actccaccca
ccaatagtct
aaaaggaagc
taagctccta
agcctgtggg
ctggtgacca
ttectcaggat
tggttgtcta
ctgccatcat
gagatgccac
actgtgacaa
ccetgttgee
ggtgtgagct
gctgagaccc
aattttgact
ccagtagaaa

gcaggacaag

99

tctttagagt
aagtgaacct
attctaccat
agcacacaca
tatggaatca
taagtagata
ctgaaactgt
ggcaaaagtc
tgctaactga
catttcacaa
ctcactggag
ctatgatggg
ctgaatcgga
tccccacact
tgggttggec
tagagtatcc
acccttcage
gtccagacge
gcaaggtgaa
ggacaaggga
ttgtggcacce
cccatggacc
gggcaacccc
aaagcacctg
gctgcatgtg
tttagtcteg
gtttgaagat
agtggtaatg
ttgagaaaag
gaactttcat

tatggtcgtt

tgttttccat
agcatttata
catctttact
cttatccagt
aatattttte
ttgaggtaag
ggctttatag
acaaagagta
aagagactaa
tcectgaact
ctagagacaa
agaaggaaac
acaaggcaaa
atctcaatgc
agccttgect
agtgaggcca
agttccacac
catgggtcat
tgtggaagat
gggaaggaag
ttectgactgt
cagaggttct
aaagtcaagg
gatgatctca
gatcctgaga
aggcaactta
actggggttg
ttttagggce
agaggtggaa
ctttcecctca

aaaaagatgc

46800

46860

46920

46980

47040

47100

47160

47220

47280

47340

47400

47460

47520

47580

47640

47700

47760

47820

47880

47940

48000

48060

48120

48180

48240

48300

48360

48420

48480

48540

48600
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aggcagaagg
gctaaggcta
acttatatcc
acatttgggce
gcgegtgtgt
agggttcatg
aggggaacaa
cataggcttg
ctcagctcac
gtgctggtga
tcctggcaga
cactgcccat
aaatctattc
taaatatatg
cctgtttgtg
tgatgagcaa
atggtgtagg
agatgttttg
gctgagtage
gtttagtcag
gcttttcaca
gcagattggt
gacttaggtg
tgagaaacag
ttggaaggct
agagtttaat
gaatccccaa
tagatgagct
agacaagcca
ccaggaagag
tgaagccacc

gaaggagaaa

catatattgg
ttcctatatc
tttaattcca
tggagtagat
gtgtgtgtgt
gtggcaagaa
ctacctgecat
attctgggtg
tatgggttca
ccgttttgge
agatggtgac
gattcagagce
tgctgagaga
agccacaaag
tttgtggtgt
ataaaagcag
agaaatccgg
gaagagatgg
aaggatggtt
gtgtagcaat
gccecttgtgg
cacagcattt
taagaaatga
accagcactg
tacttaatgg
atgatggtgt
ctceccaactg
cataagagca
tttctettte
aaccctgacc
cagtecttttg

aaaataagct
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ctcagtcaaa
agctggacac
gatgggggca
tttgaaagtc
cagcgtgtgt
gatagcaaga
ttaatgggaa
gaagcttggt
tctttattgt
aatccatttc
tgcagtggcce
tttcaaggat
tcacacatga
ggtttatatt
gtgcatgectc
taaagacact
tgggaagaaa
gaaaaggttc
cttaaggaag
tctattttat
atgcctaaga
caagggagag
atcagcagag
tgagatcaaa
aatttttgta
tacggaccta
accttatctg
gatccccatce
ctececeggtga
acgagtcagc
tattttgtta

tgggttttga

gtggggaact
atataaaatg
aagtatgtcc
agctectgtgt
ttcttttaac
tttaaattat
ggcaaaatct
gtgtagttat
ctcecttteat
ggcaaagaat
agtgcecctgt
aggctttatt
ttttcttcag
gagggaagtg
ctcatttatt
tgtacacggg
gacctctata
agtgaagacc
ggaaagtgtt
taggaggaat
aagtgaaatt
acctcattgt
gctcacaagt
atgtagtggg
tagttggatg
atgtttgtot
tgggggagge
ataaaattat
ggacacagtg
cttcagaaat
tagcaccttg

gtggactaca

100

ttggtggcca
ctgctaatgce
aggggtgagg
gtgtgtgtgt
gtcttcagee
ggccagtgac
caggctttga
ctggaggcca
ctcaacagct
tcacccctga
cctccagata
ctgcaagcaa
ctcttttttt
tgtatgtgta
tttatatgag
agttctgcaa
ggacaggact
tgggggctgg
ccaagcttta
actatttcta
aatcccatge
aagactctgg
cagcatgagc
aagaatttgt
ttagtgcatc
ctcctcaaaa
ttttgaaaag
ttteccttate
agaagtccge
gtgagaaaaa
cactgagtaa

gaccatgttt

aacatacatt
ttcattacaa
aacaattgaa
gtgtgegege
tacaacatac
tagtgcttga
gggaagttaa
ggctggaget
cctgggaaat
ggtgcaggct
ccactgagct
tacaaataat
tacatctttt
tttctgeatg
atgtgcattt
gtgggagtaa
tctcagaaac
attgattgca
ggaattcaag
atggcactta
cctcaagtgt
gggaggtggg
atgttatgtc
acaacattaa
tctataagta
ttcacatgct
taattaggtt
agaagcagag
catctgcaat
actctgttgt
ggcagatgaa

atctcaggtt

48660

48720

48780

48840

48900

48960

49020

49080

49140

49200

49260

49320

49380

49440

49500

49560

49620

49680

49740

49800

49860

49920

49980

50040

50100

50160

50220

50280

50340

50400

50460

50520
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tgcaaagctc
tataagaccc
cttcaacatg
ttattctttt
ccttetttea
cttcaaatgce
ttttttaagt
aggcagagca
ttaaacaagt
acattgeccat
cgtacaggat
ttttttettg
agaatagatt
tcttttgetg
gctgcaattg
gtattgccectt
atccatctgg
atatggctag
gcttttgtca
tcatataata
cctetgetcea
agattctcag
gaatctaata
gcaatgataa
atggaaaaca
aagtgactgce
tgctgaattc
ttagatgtat
agttttaggg
caatataaat

gatctctget

ccctegtece
aaataataag
ctttactcta
tttctttett
ggaacttctce
agtcactacc
caaagcaaat
gcceccgaggyg
tttggattat
ggcatttttce
atgcaggttt
taaagttgtt
ggaaaatctt
agcaggagct
cttttcacge
gattttttte
agttaatttt
ccagttctcec
ggtttctaaa
ccatctgaaa
ctatagtgag
aattaagaaa
tgtatttgtt
cctggtattg
attggaaatg
aggtcacttt
ctggttggcet
gtacctaagg
ccattaaagg
gtgtttcctg

cttaaagata
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ctatgtttca
cctgegecect
gccttgtaat
tcttttttet
caacatctet
gtttcagaat
ttcttgagag
ccgetggttg
ttatgcctte
ttttaattta
gttttatagg
taagtttctt
tttcccatte
ctttagttta
tttcatcatg
taggecttttt
ggataaggta
cccatcattt
agaccagatg
tctecttatta
ggcaccatta
aatggatggc
gaattaatgc
atgatataag
gggaacagcc
tcctggageg
gatggaaaga
atatgaggta
acatgacctg
catatagtca

atcttggttt

gtataaaata
tctctctaac
gtctttacat
cctcagecte
gccetggetece
atgcactttce
agtaaagaaa
ttececttttat
tctttttagg
atttactgtt
taaaagtgtg
gtttactctg
tgtagattgt
attagattcc
aaatctgtgce
atagtttggg
taaggaagga
attaaattga
gttgtaggta
attcatttct
gccagagaat
atatgaatga
ataagatgca
agtctataga
acaaacaaga
ggtgagagaa
tggggcagct
tggcaatgaa
aagtttccte
aagttgccac

tgcctcaaac

101

cctactctac
tttgatttct
acagtgaaat
agaatttggc
atcatatcat
tttctttttt
taaacgaatg
ggttatttct
ccatataggg
accttaaatt
ccatggtttt
gatattaggc
ctttegetcet
attggtcaat
ccgtgtttat
gtttttcatt
gtccagttte
aaatccttte
caatatgcag
tttagtatgt
ctgtetgtcet
aacttcatgg
acagagagaa
tcacagtaga
aagaatcaat
aagtggaagt
gttcactggt
cagaaattct
tgaggccagt
ttctttttet

tgtttgtcac

tactctcatc
cctattttta
gtaaagttct
acatgcccett
aaaggtccca
gttttttgtt
actactgcat
tgatgatatg
taactttctg
caggggtaca
aatgggtttt
ctttgtcaga
gatggtagtt
ttttgetttt
atcatgaata
taagtctcta
atttttcagce
cccattgett
tttcttcaag
atgctggtcet
agttcatgta
atgacatatg
gttgacaact
agcaataatc
acttccagga
tagcagtaac
acgcagggtt
tttgggaatg
ccccacaact
tcatatcatc

tacaaacttt

50580

50640

50700

50760

50820

50880

50940

51000

51060

51120

51180

51240

51300

51360

51420

51480

51540

51600

51660

51720

51780

51840

51900

51960

52020

52080

52140

52200

52260

52320

52380
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ccccatgtte
ttgtgtctct
gagtctcctt
tctcaggggt
aagaatataa
aaattgcttg
gaatattgtc
attagactat
ggaatctcct
gttctggcat
aggaaatctc
ataaaaccca
tgatgctgga
tggctcacac
gagatcaaga
ttagccagag
aatggcgtga
cagcctgggt
agaaagaaag
aaaccaagaa
ttgttacatt
tccttttecag
gaagtccttg
gaaggaagta
gattctatca
ggagtcacaa
caatagattc
gccacacatg
cccagatctg
tgaagcaagg
ccgggacaag

acatagtctg

ctaagtaaaa
aatatcagaa
gaaatacaca
aacacacaaa
aataaactgt
tttgagacgce
agtgaagaat
agatcaagcce
atcctcettge
aattttgtag
ctttgttcag
gttttececect
tagaggtgtt
ctgtaatccc
ccatcectgge
acagtggcgg
acctgggagg
gacaaagcga
aaaaaaaaac
aggctgtgge
gtcacaactc
ttgtaactta
agaaataaac
aagtttcaaa
gaaactcgaa
cccacccttg
atttcactgg
aagcagcaat
acactgtagt
ttaaggtgag
gtgcagaaag

actttgcacc
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caggtaactg
attcagcttt
tgggggtgat
ccagcatccet
tcttetctet
atgagacgtg
gtetttgect
tgtgccagac
ttgaacagag
atatgtagga
ataagtacac
tacttcccta
tatttctatt
agcactttgg
taacatggtg
gtgcctgtag
cagagcttgce
gactccatct
tgatgaaatt
ttctteccaca
ctgatccagg
ttcctatttg
tgcacactgg
ttaagcctga
tgtccatctt
accaatagat
gagaggcaaa
gcaggcatgce
gcatttcact
aaggctggag
gcagaaagtg

tgctectgtga

cctctcaact
aatatattgg
ttcctaaact
gaacctctaa
gceggtggaa
cagcacatga
gattagatat
acaaatgacc
cagcacactt
tttgacatgg
tgactactaa
gtttgtttet
ctaaaaagtg
gaggctgagg
aaaccccatc
tcccagetac
ggtgagcaga
caaaaaaaaa
gtgtattcaa
taaagcctgg
aattgatggce
tcagcattca
atggtggggg
acagcaaagt
gcaaaacttc
tcattttact
gggctggggyg
ttectggetea
gctgacaaga
gtgagattct
tttectgaaag

ttatgactat

102

atatcaagta
gtttaactct
ttatttcttg
gtatgaggac
gtgtgcectg
gacacgtgca
aaagacaagt
taatgcccag
ctcecceccaac
actattgttc
atggattaaa
tattetgett
atgaaattgg
tgggcggatc
tctactaaaa
tcgggaggcet
gatcgcgcecca
aaaaaaaaaa
tgtagtctca
atgaataaca
taagatattc
ggttattagc
tagtgtagga
tccectgaga
cttgcccaaa
gagggaggca
ccagagagga
tctgtgatca
aggctgctge
gggcaggtag
agggattagce

cccacagtct

gactaaaata
ttgaaattta
taaggattta
agtaagcecctt
tctattcectg
gcagcctgtg
taaacacagce
cacgggccac
actattagat
aatgattcag
aaacacagta
tctteccaagt
ccgggcgcgg
acgaggtcag
atacaaaaaa
gaggcaggag
ctgcacactc
agaaaaagaa
agagaattga
ggataacacg
gtaattctta
ggctgctgge
aaatggaggyg
aggccacctg
ccccacccect
aagggctggt
gaagtaaaaa
ccaggaaact
caccagcctg
gtactggaag
ccgttgtett

cctggttgte

52440

52500

52560

52620

52680

52740

52800

52860

52920

52980

53040

53100

53160

53220

53280

53340

53400

53460

53520

53580

53640

53700

53760

53820

53880

53940

54000

54060

54120

54180

54240

54300
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tacccatgga
atgggcaacc
gttatgctca
aagctgcacg
tttaccctta
ttatgagtca
taaataacat
atttgatage
ttttggatga
aattttctat
aactgaacaa
gtatactttt
tatgtatgta
agtactatta
aatatgttgg
tgcagggcetg
actctggtga
tctattcact
gtgatattga
tcttggecagt
cctgtceccact
tctectttag
tgcatgataa
ctgtctttat
aatgttggag
agagagaact
tagaataaga
agaggattgt
ctattatttg
attttaaaca

caatcaaggg

cctagaggta
ccaaagtcaa
cggatgacct
tggaccctga
gatatttgca
gctatgggat
aactaaaatt
tctgaaaaac
gggaacagaa
aaaaattaat
agtagtggga
gtacgcatgg
tgtatgtatg
tcctactttt
ggtagtgagt
ccagtcatat
aaaaggatgt
atgtaccatt
ttgttttggc
aactaacaaa
atgtttgtac
atgggggagyg
aaatagaata
attttaccct
aatgggagtt
cgtgggtgga
caatgttttt
tggtagtgtg
tatgaaactc
acatattttt

ccaaaccttg
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ctttgaaagt
ggcacatggc
caaaggcacc
gaacttcctg
ctatgggtac
atgatatttc
tggtagagca
acatcttata
gttgagatag
agtcactttt
agctgttaaa
tacaggattc
tgatgactgg
taaaaggacg
tggcatagca
tgaagctgat
aagtgttata
ttctttttta
aacccacttc
tgctgtggtt
ctatggtcca
ttggggagaa
aagaaatatg
gattcagcca
taaggacaga
tttagtgggg
acagaaaggg
tagaggtatg
aggatatagc
tattatttat

aactttctcet

tttggatatc
aagaaggtgc
tttgctacac
gtgagtagta
ttttgaaagce
agcagtggga
aggactatga
aaaaattctg
agaaaataac
ctgcatagtce
aagaggattg
tttgttatga
ggacttatcc
aagtctctaa
agtaagagaa
atctagccca
tctatttact
tcttcactce
agcgaggatt
aatgctgtag
ctatgtttgt
gagcagtatc
ctctctaaga
aaaggacgca
gaagatactt
tagttactcc
aggtcaatgg
ttaggactca
tcatttggtg
aatgaagtgg

taacgtcttc

103

tgggctctga
tgatctccett
tgagtgacct
agtacactca
agaggtggcet
ttttgagagt
ataatggaag
gccaaaatca
atctttcctt
ctggaggtta
tttcecteceg
gtgtttggga
tatccattac
aaaaaaaatg
ggataggaca
taatggtgag
gcaagtccag
ctcececcaget
ttaccctaca
cccacaagac
acctatgtcce
ctgecetgetg
aatatcattg
ctatttctga
tcttgcaatc
taggaagggg
aggtactctt
aattagaagt
actgcagttce

ggatggggct

aatggtatta

ctgtgcaata
cggaaaagct
gcactgtaac
cgctttette
ttectettgtg
tatgttgctg
gccacttacc
aactgagtgt
tggtcagcga
gaaaaagatc
aatgatgatg
aaattgtatg
tgtteccttga
aaacaatcac
caatgggagg
agttgctcaa
cttgaggceccet
cttaggcaac
gatacaggct
cactgagttc
caaaatctca
attcagttcc
tactcttttt
tggaaatgag
ctgcaagaaa
aaatcgtcectce
tggaggtgta
tctgtatagg
acttctactt
tcctagagac

atagagaatt

54360

54420

54480

54540

54600

54660

54720

54780

54840

54900

54960

55020

55080

55140

55200

55260

55320

55380

55440

55500

55560

55620

55680

55740

55800

55860

55920

55980

56040

56100

56160
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atctctaagg
gtgacctgaa
attttcctta
cactacccaa
gttttattgt
gtgcattcat
aaccactgat
agcacgttaa
aaaattaggg
gcaaaaatca
aattgattca
gtcagaggag
acaatgaagt
tggaaaacat
aaagaaggaa
aatgaacgta
gtatgtagca
tttcttctcce
caccccaaag
accatctaac
aaagcagaat
tacattaatt
ctcacacttg
gagggttgaa
cctttagtgg
agcatgaatg
tatacacata
tccatgcecaca
taccccagtce
ctgttcattt
actttaagtce

tgggcttaaa

catgtgaact
acatatttat
aaggattttt
taaataataa
ttttagtggt
aaatatatac
ttttgtttat
gtcaagttga
aaactggatg
ctgaagtttc
catgtatata
cttgctgtaa
taagaaaaaa
tgtgaaacag
atttattgac
gccattetgt
ccctcaaacc
agtttcatta
agctcacctce
agcttctgaa
aaataccagt
aagcacattc
tgctatcect
tttecetgtgt
aaaacacata
cttgtgcatg
cagatgtgtc
cataagaaca
aatctagaga
actctgggtg
ctaacttata

gccctgteta
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ggctgtcettg
aattccatta
gtaagaacta
atctetttgt
agtgatttta
aatttttatg
gtgagcaaac
tagaggagaa
cagagaccag
ttgcatatga
tatatataga
ttatattgag
aatcgagtaa
agagtcagag
agaacagcaa
ggcaatcact
taaaacctca
atcccaaaac
accatatctc
attcetttgt
tgctcatgta
tttgaataat
tgcecettetg
tacttattgt
agtacacatc
tagtcatata
tatatgtcta
cacactgtta
atttggattt
atgtctttece
tgttatctcea

taaactctge

gttttcatct
agctgtgcat
attgaattga
tcagcectctet
ttctetttet
aataaaaaat
agcagattaa
tatggacatt
atgaagtaag
gagtgacata
actgattaga
gtgatggata
gagaccattg
atgacagcta
atgcctacaa
tcaaactcct
aagaaagagg
ctctttctca
ttgagtggga
catatttttg
caataatcac
tactgtgtcc
aatgtcactce
tcatttcteg
ttacaggaaa
aaatcttgta
cacaatttct
cagatgcata
ctgcatttga
ctcattttge
actaagaagc

tacaattatg
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gtacttcatc
atgatagatt
tacctgtaaa
gtttctataa
atatatatac
tattagcaat
aaggctgaga
taaaagaggc
aaaaatagct
ataaataggg
caaagtctaa
aagaactgaa
tggcagtgat
aaatccctgt
gcccecetgtt
gtacccaaga
ttttagaaga
aagtatttcc
gcacatagat
agtccccact
tcaactgctg
aaacaatcac
tgtattttaa
atgaggagtt
aatataccaa
gcaatgtaaa
tatgctccat
cttgagtgca
ctctgttage
cttgtctatc
tatttttttt

ggctcetttet

tgctacctcet
tatcatatgt
gtcotttatca
atatgtacaa
acacacatgt
caatattgaa
tttaggaaac
aggatgatat
atcgttttga
aaacgtagaa
cttgggtata
gttgatggaa
tgcacagaac
ctgtgaatga
tggatctgge
cccttaggaa
tataataccc
tctatgtgtc
aggcggtgcet
aataacccac
tcttgtageca
actttaaaat
atgaagagat
ttcacattca
actgacatgt
cattctctga
gaacaaacat
ttgacaaaat
tttgtacatg
ttgtactcat
taattttaac

tataatattt

56220

56280

56340

56400

56460

56520

56580

56640

56700

56760

56820

56880

56940

57000

57060

57120

57180

57240

57300

57360

57420

57480

57540

57600

57660

57720

57780

57840

57900

57960

58020

58080
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agtgtttttc
acctctttta
aaaaaaaaga
tatccataga
tgtgatatct
ttagtcaaca
atagtatcag
ccattatcag
ttggaagagce
gaaaacctct
agtccagaac
cttggagaga
aaaaagactg
gcttatgett
gaggaaacct
ataaatgtga
aatgaataat
gaaaacacag
taagaatgtc
attcattatc
agcaagaact
gtgcaatggce
tgcctcagee
tttctatttt
acatcaggtg
cacacccagc
gagtccttag
ttcaccctac
ctecctacctg
cactaattaa

cttcatactt

ctactaatgt
tggtagagac
ttaaattatc
gaagtttgtt
tagtatttat
agcatgtgtc
aagtcagttt
ttactcaacc
taaaatatca
tccgecatta
cagagcccat
gccagaactg
tctgetgtag
tccectcagece
gggaaatgtc
aagcagacat
tacagtgtgc
aattcaaaca
acacttagaa
tgaaaattat
tttttttttt
atgatccagg
tcccaagtag
tagtagatag
atccaccctc
caagaatgtg
tatacctccce
cttttecettt
ctectgaaacc
aatcgatact

ccttgagatt
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acttaatctg
attgtcttgt
caaaattaga
tgagacctaa
aggtcatgag
atgcatttat
attagttata
tagaattaaa
aataaaggac
ggcctagaag
aaccagaggt
tctaatgggg
gagatccgtt
agtgtttacc
agttcctcaa
gaatggtaat
agtgattatt
gcagtgaact
tgtgtctcta
gaattaggta
ttttetgaga
ctcactgcaa
ctggcactac
ggggtttcac
ctcggectet
aattttgtag
ataccatgtg
ttgtttcagce
aacagcaagt
gagttctaaa

tcacattaaa

ctcattgtat
aaactcttat
tctctetttt
actgaggaac
gttececttect
tcacatcaga
tcagttaggg
tacagctcett
agtgcagaaa
ggcagaagga
ccactggatt
gcatcaaagt
cagagagaga
attgcagaat
atacagagaa
tgacagaagg
gcaatgatta
gagattagaa
ggcattgttc
caaagctcaa
tagagcattg
catctgectce
aggcatgtgc
catgttggtce
gaaagtgctg
aaggatataa
gctcatcctce
ttttcactgt
tgacttccat
atcatcgggg

tgttggtgtt
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attcctacca
ttccctagta
ctacattatg
ctttggttcet
ctgecetetge
atttcataca
tccatcaagg
aatagttaat
tctagatgtt
gaaaatgttt
cagtgagcta
atcagccata
gagagaccag
gtacatgcga
cactgaggga
aaactaggat
atgtattgat
ttgtggagag
tgtgcatata
ataatttatt
ctatggttge
ccaggttcaa
caccaccatg
aggctgatct
ggatcacagg
cccatatttc
cttacataca
gtcaaaatct
tctaacccac
attttgggga

cattaaaggt

ctaaatttta
tttggagatg
agtattacac
aaaatgacta
tatagtttga
ctaataagac
aaaggacaaa
tatccttgta
agtaacatca
ataccaccag
gtgggtgctc
aaaaaccata
aaataatctt
ctgaaagggt
aggatgagaa
gtgtccagta
aagataatat
cactggcatt
tcatctcaat
ttttcaggtt
ccaggctgga
gcgattctcecce
cctggctaat
cgaactccta
cgtgagccac
tctgaccecta
tttcccatct
agaaccttat
attggcatta
ctatgtctta

ccttcattta

58140

58200

58260

58320

58380

58440

58500

58560

58620

58680

58740

58800

58860

58920

58980

59040

59100

59160

59220

59280

59340

59400

59460

59520

59580

59640

59700

59760

59820

59880

59940
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actttgtatt
tataatccca
catatatcaa
agcatgggta
tcattagata
taatcaacag
ccagtcaggt
cttateccetgg
caggcagatc
tctctactaa
caggtggctg
attgcaccat
gaaaaaaaga
tgtaaccaga
ccaagtcttt
acctaacatt
tcacaaacac
aacaggtagt
attctgtatt
atctttttge
tttatcgtac
cgtcatggtc
aagcccagct
gaataatctt
tctttegttg
tggctcctet
atccatcttt
atcaaccaaa
ttcatttcectg
gtaagcattt
ctatacatgt

taggtaatag

catcacactc
attcccaact
acaatgtact
tttcacttgt
gctacttgece
ttcgattctg
cctcattgtt
ctggatgegg
acttgaggtc
aaatacaaaa
aggcaggaga
tgcactctag
ccttattctg
tctcceccaatg
ggaattaaca
ttttttagaa
attctaagat
ggtagtgatt
cttgacctgg
attttacaag
cactaaactc
caagtctgat
atttgtctcce
ttaaagacac
gcttccaggt
ctaccctatt
ctatatacaa
tgctgtaaaa
tgtaatattc
aagtggctac
ctttggatac

acttatcaag
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ttggattcac
ctgatttcta
gggcttattt
tatactaaaa
cattcaccaa
cttcaatttg
tecctgaacaa
tggctcagge
aggagttcaa
tcagcecggge
attgecttgaa
cttgggcaat
ttatacaaat
tgtaaaatca
gacaaagatc
tcaattttct
tttaaggaga
cacacagcac
ttgtattcett
agtgcataca
acaaatgtgg
aatagaaatg
cattttctcet
aaatcaaacc
tacagaaaaa
ttataacatt
ataaagtcat
tgcatttgta
tattctttga
cggtttgagg
acacatgcat

catccagcat

agttatatct
acctctgacc
atatagatgt
ctgtttetet
ggtcacagat
tccctatcta
gagtagatgc
ttgtaaaccce
gaccagcctg
gtgtggtgca
cccaggagge
agggatgaaa
cctctcaatg
tttcaggtag
aaataacagt
tatatatgaa
tattgatgaa
attatgatct
tectgagetece
atacaatgta
ccctattett
gcattgtcac
acttctaaaa
atgccaccac
taacttgtaa
tcceettgtg
atagtttgaa
tcgctacgtg
ctataccgta
tttttatgat
gtgtttctga

ttgtggatac
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aaactcttaa
tccaacctca
cctataggceca
tccagtgttt
taaaatcatt
ttaatcacca
tattctttec
agcactttgg
accaacatgg
tgcctgcagt
agaggttgcg
ctccatctca
caatccatat
aacagaatta
cctcatggee
ttggaaacat
gtacatcatc
gttcttgtat
agatccacat
tccaagactg
gtgttcacga
tttcttccect
tacatttctt
ctttettgaa
caaagtttaa
atcagaatct
ctcacctetg
ttaagcagta
atttatcaat
tattgetgte
atatctaaaa

tattaaaggt

atacagcecctg
gtgccaaacc
cctcagactc
tccattttag
tcectaccte
ctcttactge
acttttagac
gaggccaagyg
tgaaacccca
cccagctatt
gtgagcctag
gaagagaaaa
agaataaaca
aagtgaaaag
ttaagaattt
aattcctecece
tgtcattttt
gttctgttcc
atctaagtac
tatttctgat
ctgacatcac
actgcaacag
cactaagtga
ttattcaata
aggtcattca
caggcacatc
gttactttta
gttgattett
tctactgttg
ataagcattt
atgtaattgce

tttccaaagg

60000

60060

60120

60180

60240

60300

60360

60420

60480

60540

60600

60660

60720

60780

60840

60900

60960

61020

61080

61140

61200

61260

61320

61380

61440

61500

61560

61620

61680

61740

61800

61860
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ggttatacta
ccaaaatttg
ttcccttece
cctttetett
ctctecatta
ttcecttectt
gctcatgggt
aactactggg
aaaaatgttc
ggtaaatcta
aaatatttgt
gtttccagaa
ttaatggata
caaaagaagg
ctcaaaattc
acttgttaaa
agttaaactc
taggaggata
gaacagggtt
ggaatagtgg
taaaccaacc
cgactgttge
ccatggtgca
acgtggatgce
tcaaggaggc
ggcactgact
ttggacccag
caaccctaag
tcacctggac
gcacgtggat

ctttctaatce

ttgtacagtg
aactgtcagt
ctctettegt
tctetteect
tttattttte
ccttteteca
gtgtatttgt
atcttcattc
tgtactagca
cttttcactt
atataatatt
cctatttcaa
tttatttcaa
aggaagcaag
ccttggagac
acatctgett
taagatacat
tttttagaaa
tctgagtcaa
aatgaaggtt
tgctcactgg
ttacactttc
tctgactccet
agttggtggt
aaatggaaac
ctectgteecct
aggttctttg
gtgaaggctc
aacctcaagg
cctgagaact

ttacattttg
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tcaccaacag
cttatctctt
ttcttttcte
atcccttcte
cttettetee
tttettecte
ctgccattgt
ctgggtctaa
tattcccagg
tgcattettt
tgattttatc
taactggtaa
tataataaaa
caagtttaaa
aaaaatctct
ttagataagt
tccactatat
caactgctga
gacacacatg
catttttcat
agcagggagg
ttctgacata
gaggagaaga
gaggccctgg
tgggcatgtg
tgggctgttt
agtcctttgg
atggcaagaa
gcacttttte
tcagggtgag

gttcttttac

agtttgagtt
ctcttgtcete
tcctettete
ctctectcete
tcecatceccecett
ctectttecctt
ggcattattt
ttccacattt
aacttcgtta
ctttagtcat
tgtcattaaa
ataaacacta
aattagagtt
ctgcagcaat
agaggcaaag
tttcttagta
tagcctaaaa
aagagatgcg
acagaacagc
tctcacaaac
acaggaccag
acagtgttca
ctgctgtcaa
gcaggttggt
tagacagaga
tcctacccte
ggatctgtcc
ggtgctaggt
tcagctgagt
tccaggagat

ctacctgcetce
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tctattgatc
ttttttecte
ttctttecte
cccteetttt
ccatecetcete
caatccttce
gaattcagaa
ttttttaaga
aatttaatct
accataattt
atgttaacct
ttcatttttt
ttattatagg
agatttgtcc
aagaacttta
taaagtgaca
cacttctgca
gtggggagat
caatctcagg
taatgaaacc
cataaaaggce
ctagcaacct
tgcectgtgg
atcaaggtta
agactcttgg
agattactgg
tctcctgatg
gcctttagtg
gagctgcact
gcttcacttt

ttctcccaca

catatcacca
ttttttttee
tcttcececttce
ttctectcete
tctteececte
ttttggatat
aagagtgaaa
acacatctgt
ggctgaatat
taaacattca
taaaattcat
aaatattctt
aagaatttac
attccaacct
tattgagtca
gaaacaaata
aaaatgaaac
atgtagagga
gcaagttaag
ctgecttatet
agggcagagt
caaacagaca
ggcaaagtga
taagagaggc
gtttctgata
tggtctacce
ctgttatggg
atggcctgge
gtgacaagcet
tctcttttta

tttttgtcat

61920

61980

62040

62100

62160

62220

62280

62340

62400

62460

62520

62580

62640

62700

62760

62820

62880

62940

63000

63060

63120

63180

63240

63300

63360

63420

63480

63540

63600

63660

63720
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tttactatat
tgcatttttt
tcccaacccce
tctcacctge
aggctccaac
caataaggaa
atatttgatt
agacagccca
aattaatttg
atatagtatt
gtacatagag
atttatgetg
tgggtgttgg
atctgecctac
actttggcaa
tggctaatge
agaagaccct
gggtatggct
ttcatttttt
gtttatttta
atgggtgaca
atactggcac
atgctacgat
gattactcaa
cccataatac
tgccccagaa
attgctcacg
acccaaaaaa
atttatttca
cttcttacat
attcaagaaa

ttecettgett

tttatcattt
ccttectecac
ctccctteat
taattctgea
tcaaagatga
taattggaat
atgaaagact
tcatcacact
tatatgctat
atacagcata
gatgtgtgtg
atgggaataa
ctcagtttct
ctcttectecg
ggaattcacc
cctggctcac
atttccctag
tctgcctaat
tgtccaggtg
caaagagtac
cttctacctce
tgcagaggtt
taaactccaa
gacaatgtta
tataccccat
catctctgta
tattacttgt
tctttcoccaaa
tgcacacaca
gcctactgtg
acagtgaatg

tagaacttct
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aatgcttcta
aatcttgcta
ttttecttet
cttagaataa
gaggcataga
tttataaatt
aggcagttac
gattaatcaa
atacacatac
tatagcatat
tatagatata
cctggggatc
cagaagccag
cagctcttgg
ccacaaatgc
aagtaccatt
attctatttt
aaagaatgtt
tgtaagaagg
atgggaaaag
caaagagcag
ctagggaaga
caattactga
tgttgtettt
caagtgttcc
aagaatttcc
gacctctett
ccctecceca
cacactccgt
cctcatatta
aatgaacgaa

ggaattagag

aaattttgtt
ttttaaatta
ctaacaacaa
tcettttgte
atactgtttt
ctgtagtaaa
actggaggtg
ttaatttgta
aaaattaaaa
atgtacatat
tgttatatgt
agttttgtct
tctttattte
gcaatgtgct
aggctgccta
gagatcctgg
ctgaacttgg
cagctcaact
ttecctgagge
agaaaagcaa
aaattatcaa
cctcaaccct
gaaaataatg
cttectectt
tgctccaaga
tcttatcttce
gaccccagec
caccattttt
gctttataag
aattcatcaa
tgagtaaatg

gacaatatta

108

aattttttat
tttaatatcc
ctcaaattat
tcteccacatg
agaggctata
tggaatggaa
gggcagaagt
tctattaatce
ctaatttgga
atagactaca
atgcattcat
aagatttggg
tctgttaacc
ggtgtgtgtg
tcagaaggtg
actgtttcct
gaacacaatg
tcctgattaa
tctacagata
gggaaccgta
gaactcttga
aagacatagc
tgctcaatta
cctttgectg
aatagcttce
ccatatttca
acaataaact
tatattttta
caattctgce
tgggcagaaa
agtaaatgaa

ataataccat

ttaaatattc
tgtctttcte
gcataccagc
ggtatgggag
aatcatttta
aggaaagtga
cgttgctagg
tgtttatagt
attaatttgt
tgctagttaa
atatgtactt
cagaaaaaaa
atatgcatgt
ctggcccgea
gtggctggtg
gataaccata
cctacttcaa
tttcacttat
gggagcactt
caaggcatta
tacaaagata
ctcaagggta
aaggcataat
cacattgtag
tcctcettact
gtcaagattc
tctctatact
tatttttett
tattctctac
gaaaatattt
ggaatgatta

cgcacagtgt

63780

63840

63900

63960

64020

64080

64140

64200

64260

64320

64380

64440

64500

64560

64620

64680

64740

64800

64860

64920

64980

65040

65100

65160

65220

65280

65340

65400

65460

65520

65580

65640
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ttctttgttg
tatttcettt
taaaattaga
tatgcatgtt
gtgtttgaaa
ttatagttaa
atccatgtgt
ataagatatt
gggaagatca
aggagatact
atagggaaaa
tactatacct
ccctaaaaat
agcacacaca
agagatgaaa
ttttgtaaga
atcaacagac
gaacctattg
gtgatatgca
aaacaaagta
ttatcaaatg
tgtctgaatg
acgtaataat
gaattaagcc
attaatgcct
agatgcaatc
gcccacttaa
aaatattaat
actttagcaa

taaagtgaac

gggttctggt

ttaatgctac
ctgatcatag
aggattttta
gattaatttt
gtgcetttcecac
ctgttttgat
tttccttaag
taggaaccac
ctttcacatt
tgtgtggtat
caaactacat
tctattccta
ccaaatacca
attactatat
aaagacttgg
gtctaggagt
acccaggcect
ggtattaagt
atttacctat
taggaatgga
gttgttttte
aaagggtgtg
gtgaatttga
taatagtctc
acatgtttgt
tcaaatttat
tgaggttaaa
gaacaaggtg
agttctgtcet
taaactatcc

tttcttggag
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aacatacaaa
gagtaatatt
gaactttctc
aaacttactt
agtaactctg
cacaacattt
tcattataca
tggtttacat
cctgagcata
tcgaaagaca
tcectttectece
caccattaga
gagaattcat
gctaggcatt
caccttgttg
gtgggagcta
acttgagggt
tcatcactga
ataacttgta
attaattcct
ttttetcact
tgtgtgtgtg
gttcatgaaa
ctaaatcatc
aaagggtgtt
ctgaagactg
aaaaagctaa
cagactgaaa
atgttgactt
tatttccaaa

catttttatt

gaggaagcat
tttttecttg
agttgtatac
gaatacctaa
tctgtactge
tgaattgact
tagtaggcac
atcagaagca
gggaagttct
gtaagagaga
aaaagtcaaa
agtagtcagt
gagaacatca
gctatcttca
ttatattaaa
aatgatgata
tgagggtggg
gtgatgaaat
catgtacccc
caagatttgg
atggegttge
aaagagaggg
atttttcaat
catctcttga
cagactgaag
tacctctget
ttctgaatga
tataaatttt
tattgetttt
ctattttgtg

tcattttaat
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gcagtaaaca
agcaccattt
atttttaaaa
acagaatctg
cagaatatac
ggcagcagaa
tgagaactct
gagctactca
cataagagta
ttgtagacct
aaaaaagagc
gagtctaggce
cctggatggg
tattgaagat
attatttgtt
cacatggaca
aagagggaga
aatctgtaca
caaatttaaa
ctttaatttt
tttataaact
agagaggaag
aaaataattt
gcttcagage
ccaagattct
ctccataaat
aaatctgagce
tctgtaataa
tggtaagaaa
tgtgtgeggt

taattaattc

accgaacagt
ttgccatagg
atctgtatta
ttgtttectt
tgacaatgtg
gctettttat
ttatatctga
gggcattttg
agatattaaa
tatgatcttg
aaatatagct
aagatgttgg
acatgtgeccg
gaggaggtca
agagtagagc
caaaaaatag
cgatgaaaaa
tcaagaccca
atgaaagtta
atttgataat
atgttcagta
ggaagagagg
aatgtcagga
agtcctctga
acctctaaag
tgacaccatg
ccagtggagg
ttatgcatat
tacaactttt
ttgtttctat

tgagagctge

65700

65760

65820

65880

65940

66000

66060

66120

66180

66240

66300

66360

66420

66480

66540

66600

66660

66720

66780

66840

66900

66960

67020

67080

67140

67200

67260

67320

67380

67440

67500
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tgagttgtgt
ctgtgcttga
agactaaaca
gataaaacca
cctctaagta
taatagactg
ttgtgtgtgt
agtagaatag
agtgaagatg
gaaactgagg
gcctggtatg
tattatgggt
ttggaaaagc
aagagaagga
tttectgagceca
ggatttcaaa
tattataatt
ttcaaacttc
aacagggtct
aaataaaatc
ttaaagacgt
cctagatcct
attttatccc
atagccatag
tcacaagtac
gcaataatag
ccttetgata
ttttattgtt
tagagctgaa
taaaccgaca
gaacactgag

tcttttaata

ttactgagag
cctaggaaca
gtagagcatg
cactcccata
tacccagact
gagtaaagga
gtgtgtgtgt
acctgcacct
tcagtaagct
ctctgaccat
cctgggettt
aatagaaaga
aacccctgece
tccatagttc
taagaagttg
gctettgett
tcataaagtc
cgcagaacac
tgaaaactgt
caaaatctaa
cttttecccag
cattgcttta
tcttacctet
aagaaccaaa
ctgatgaggg
agaaagcatt
actagaaata
ttattttatt
aggaagaagt
tgggtttcca
accctacget

gcaggaagca
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attgtgtatc
tatacagtag
tataaaaata
gatgagtgtce
agggccattc
aatggacctc
gtgtgtgtgt
gctgtggeat
tgaatagttt
aaccaaattt
tgatggtctt
aaagtctgeg
ttgaagccag
atcatttaaa
tagggtaagt
tgacaatttt
tgtgcatttt
tttatttcac
ctaaatctaa
cagccaagtce
gattcaacat
gttttttaca
ataatcatac
cactttetge
ttgagacagg
taagagaata
gaggatccag
ttattttatt
aggagaaaca
ggtaggggca
gacctcataa

gaactctgeca

tgcgagagaa
attgctaaaa
ctctagtcaa
atgattttca
tgatataaaa
tgtctctcte
gtgtgttgtg
ccattcacag
ttcaggaact
gcactattta
agtatagcett
ttacactcta
gatgatggta
aaagaaaaca
ctttaagaag
ggtctttcag
ctttgaccca
atatacatgc
aacaatgcta
aaatctgcat
gtgaaatctt
gaggaatgaa
ataggcataa
gtgtgtgaga
tagaaaaagt
aagcaatgga
tttettttgg
ttattttgtg
tgcaaagtaa
ggattcagga
atgcttgceta

cttcaaaagt
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gtctgtageca
tgtctcactt
gtgctgettt
tggaggaagt
cattaggact
gctgtctett
gtcagtgggg
agtagaagca
ttgaatgctg
ttgcttcttg
gcageccttgt
gtcacactaa
tctgcagcag
aaatagaaaa
gtgacaattt
aatactataa
ggatatttgce
ctcttatatc
atgcaggttt
gttttaacat
ttctcaggga
tataaaaaga
ttttttaacc
ataatcagag
gagagatctc
aataagaaat
ttaacctaaa
taatcgtagt
aagtataaca
tgactgacag
cctttgetgt

ttttectcac

agtagctaga
ggggaatttt
tgaaacaaat
taatattcat
taagaaagat
ttttgaggac
ctggaataaa
agctcacaat
atttagattt
aaacttattt
ccctgecaggg
gtaactacca
ttgccaacac
aggaaaacta
ctgccaatca
atataaccta
aaaagacata
agggatgtga
aaatttaata
ttaaaatatt
tacacgtgtg
aaatacttaa
taggctccag
tgagattttt
tatttattta
ttgtaaattt
ttttatttca
ttcagagtgt
ctttccttac
ggcccttagg
tttaattaca

ctgaggagtt

67560

67620

67680

67740

67800

67860

67920

67980

68040

68100

68160

68220

68280

68340

68400

68460

68520

68580

68640

68700

68760

68820

68880

68940

69000

69060

69120

69180

69240

69300

69360

69420
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aatttagtac
tatagagaaa
aataggaact
aaaaaataat
cagaggcettt
gtccccagtt
ttgtaagtga
atctettgtt
attctatttt
atgaatgcat
tttcttttet
tagagttttc
atccatctac
tcaacttctt
ctgtgattcc
gtactgatgg
aactcctaag
accctgtgga
gccagggctg
caactgtgtt
gtctgeegtt
gggcaggttg
tggagacaga
attttcccac
ttggggatct
agaaagtgcet
ttgccacact
tgagtctatg
ataggaaggyg
cagtgtggaa

tcttttgttt

aaggggaaaa
gaagagtaaa
tgaatcaagg
ctgagccaag
ttgttececce
aacctcctat
ctttttattt
tcccaaaacce
tagacataat
atatatgtat
taccagaagg
atccattctg
atatcccaaa
atttgtgtaa
aaatattacg
tatggggcca
ccagtgccag
gccacaccct
ggcataaaag
cactagcaac
actgeccecctgt
gtatcaaggt
gaagactctt
ccttaggcetg
gtccactcct
cggtgecettt
gagtgagctg
ggacgcttga
gataagtaac
gtctcaggat

aattcttgcet
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agtacagggg
ttttagtaaa
aaatgatttt
tagaagacct
agacactctt
ttgacaccac
atttgtattt
taataagtaa
ttattagcat
atgtatgtgt
ttttaatcca
tcctgtaagt
gctgaattat
taagaaaatt
taaatacact
agagatatat
aagagccaag
agggttggec
tcagggcaga
ctcaaacaga
ggggcaaggt
tacaagacag
gggtttctga
ctggtggtct
gatgctgtta
agtgatggcce
cactgtgaca
tgttttettt
agggtacagt
cgttttagtt

ttettttttt

gatgggagaa
ggaggtttaa
aaaacgcagt
tttececectee
gcagattagt
tgattaccce
ttgactgcat
ctaatgcaca
gcatgagcaa
gtatatatac
aataaggaga
attttgcata
ggtagacaaa
gggaaaacga
tgcaaaggag
cttagaggga
gacaggtacg
aatctactcc
gccatctatt
caccatggtg
gaacgtggat
gtttaaggag
taggcactga
acccttggac
tgggcaaccc
tggctcacct
agctgcacgt
cccettettt
ttagaatggg
tcttttattt

ttectteteceg
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aggcgatcac
acaaacaaaa
attcttagtg
tacccctact
ccaggcagaa
attgatagtc
taagaggtct
gagcacattg
attaagaaaa
acacatatat
agatatgctt
ttctggagac
actcttccac
tcttcaatat
gatgttttta
gggctgaggg
gctgtcatca
caggagcagg
gcttacattt
catctgactc
gaagttggtg
accaatagaa
ctctetetge
ccagaggttc
taaggtgaag
ggacaacctc
ggatcctgag
tctatggtta
aaacagacga
gctgttcata

caatttttac

gttgggaagc
tataaagaga
gactagagga
ttctaagtca
acagttagat
acactttggg
ctagtttttt
atttgtattt
acaacaacaa
atatatattt
agaaccgagg
gcaggaagag
ttttagtgeca
gcttaccaag
gtagcaattt
tttgaagtcce
cttagacctc
gagggcagga
gcttctgaca
ctgaggagaa
gtgaggccct
actgggcatg
ctattggtct
tttgagtcct
gctcatggca
aagggcacct
aacttcaggg
agttcatgtc
atgattgcat
acaattgttt

tattatactt

69480

69540

69600

69660

69720

69780

69840

69900

69960

70020

70080

70140

70200

70260

70320

70380

70440

70500

70560

70620

70680

70740

70800

70860

70920

70980

71040

71100

71160

71220

71280
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aatgccttaa
aaaaaaactt
gcatattcat
acatatttat
gtaattttgce
tcttatttct
atgcectcettt
atatctcetge
tgctaatagce
tggattattc
ctcccacage
ttcaccccac
gcccacaagt
ttccctaagt
tgcctaataa
ttactaaaaa
ttcaaacctt
cagctaatgc
gattcaagta
tattgtttta
tcagccttga
cttccatgtt
tgttgtctta
gtgagccecett
cccggaacta
aggactgaga
accctgtcat
gcattcagga
ggctctgcag
aatacctagg
gtecctetete

atcagtaata

cattgtgtat
tacacagtct
aatctcccta
gggttaaagt
atttgtaatt
aatactttcc
gcaccattct
atataaatat
agctacaatc
tgagtccaag
tecectgggeaa
cagtgcaggce
atcactaagc
ccaactacta
aaaacattta
gggaatgtgg
gggaaaatac
acattggcaa
gaggcttgat
gctgtcectea
ctccactcag
ttacggcgag
tagaggtcta
ctteectgee
tcactctttce
agaatttgaa
aggcccacce
agagatcaga
ttattagcat
taggtagatg
ccagtcaaat

agtgatgata
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aacaaaagga
gcctagtaca
ctttatttte
gtaatgtttt
ttaaaaaatg
ctaatctctt
aaagaataac
ttctgecatat
cagctaccat
ctaggcccett
cgtgetggte
tgcctatcag
tcgetttett
aactggggga
ttttecattge
gaggtcagtg
actatatctt
cagcccctga
ttggaggtta
tgaatgtcett
ttctettget
atggtttctc
cttgaagaag
tcecceccacte
acagtctgcet
aggcggcttt
caaatggaag
ggtctgctgg
agtgttacca
ctagattctg
tctgaatcta

gaagggtata

aatatctctg
ttactatttg
ttttattttt
aatatgtgta
ctttcttett
tctttcaggg
agtgataatt
aaattgtaac
tctgcetttta
ttgctaatca
tgtgtgctgg
aaagtggtgg
gctgtccaat
tattatgaag
aatgatgtat
catttaaaac
aaactccatg
tgcatatgcc
aagttttget
ttcactacce
tagagatacc
ctcgeetgge
gaaaaacagg
acagtgaccc
ttggaaggac
ttgtagcttg
tcececattett
ctececttate
tcaaccacct
gaaataaaat
gttggcaaga

tagaagaatt

112

agatacatta
gaatatatgt
aattgataca
cacatattga
ttaatatact
caataatgat
tectgggttaa
tgatgtaaga
ttttatggtt
tgttcatacc
cccatcactt
ctggtgtgge
ttctattaaa
ggccttgage
ttaaattatt
ataaagaaat
aaagaaggtg
ttattcatcc
atgctgtatt
atttgcettat
acctttcccce
cactcagcct
ggtcatggtt
ggaatctgca
tgggcttagt
atattcacta
cctcaggatg
atgtccctta
taacttcatt
atgagtctca
ttctgaaatc

ttattatatg

agtaacttaa
gtgcttattt
taatcattat
ccaaatcagg
tttttgttta
acaatgtatc
ggcaatagca
ggtttcatat
gggataagge
tcttatctte
tggcaaagaa
taatgccectg
ggttcctttg
atctggattc
tctgaatatt
gaagagctag
aggctgcaaa
ctcagaaaag
ttacattact
cctgecatcte
tgaagtgttc
tagttgtctc
tgactgtecct
gtgctagtct
atgaaaagtt
ctgtcttatt
tttaagatta
tggtgcettet
tttcttatte
agtggtcett

aaggcatata

agagggtgaa

71340

71400

71460

71520

71580

71640

71700

71760

71820

71880

71940

72000

72060

72120

72180

72240

72300

72360

72420

72480

72540

72600

72660

72720

72780

72840

72900

72960

73020

73080

73140

73200
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accctcaaaa
atgggttaaa
agaaaattct
acaaaaggaa
aaaacaatga
ttaaatattt
aaaaattaaa
gaattgatga
tactacacaa
tagaggtatg
ataaaatttc
tgtagttaat
ttttagatgg
actgcaacct
ggattacagg
tcteccatgtt
cgtgagccac
aactatgtga
tacatatatt
atacctcaat
aaaaaataaa
tatccatttg
cattttcccc
ttactcccta
caaaatgttt
ttctgattat
ctaaaaatgg
aagtaagata
tgatatataa
acaactatac

tacacaatta

tgaaatgaaa
gaattaaact
aatattcacg
aaataaagaa
acaaatgaaa
tggttaatat
aataggaaaa
acctggagga
ccttgctcat
gtttccaggg
agttatgtgg
tgtactgtaa
agttttgectce
ccgectectg
catgcgacac
ggtcaggctg
cgggcctgge
gataatgggt
aaaacatcat
aaagttgaag
aaaatgcatc
actgtttact
ttcccaatct
gattttctag
tgcatgcttt
ccttaatatt
cttcattttc
gtggaataaa
aaatatagcet

tttttgaaaa

ggtgtgaagg
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tcagaccctt
aagacctaaa
ttgcagcecgt
gtgaggctac
ggtgaaccat
ccaaaatata
taaaaaaatt
tgtaaaacta
atgtgaaaca
gttgggggtg
gatgaataaa
gtatatttaa
ttgttgtcca
ggttcaagca
catgcccagce
atccgeccetge
cgagagtaga
atgttaatta
gttgtacacc
aataataaaa
ttgatgatta
cttttccaaa
ataattatat
tgttattatt
tcttecatttce
atctctttct
ttcattctaa
tagaaatcca
tttaaattta
gagtaaagtg

taaaattcag

gtcttacacc
accataaaaa
tttttgaatt
atcaaactaa
gaaatggcat
taagaaacac
aaaaagaaga
agaaaaataa
taaaaaagtc
ggagaatcag
ttctagatat
aatttgcaaa
ggctggagtg
aatctcctge
taattttgta
ctecggceccace
tcttaaaagc
gcttgattgt
ttaaatatat
aagaatagac
gaattgcatt
acaatacaat
atatatatat
aaatagtgaa
taacattctc
gctggaaata
aatcatgtta
aaaactaaat
gcttggaaat
aaatgcttaa

tcacgaaaaa

113

ataaacaaaa
tttttaaaga
tgatatgaga
aaaatttcca
atttgcaaac
agatgattca
aaatcctgce
gcctgacaca
actctcatgg
gaaactatta
ctaatgtaca
gagagtagat
caatggcaag
ctcagcctce
tttttagtag
caaagggctg
atttaccaca
ggtaatcatt
acaattttta
atcacatgaa
cttgattttt
aaattttagc
tttagatatt
gaaatgttta
tctaagttta
cattgttact
aattaatacc
ctcactaaaa
aaaaaacaaa
ctgcatatac

actagaataa

ataaatttga
aatcaaaaga
agcaaaggca
cacaaaaaac
caaatattte
ataacaaaca
atttatggca
aaaagacaaa
aaacagacag
ctcaaagggt
gcatcgtgac
tttttttttt
atcttggetce
cgagtagctg
agacggggtt
ggattacagg
agaaaaaggt
tcacaaggta
tttgtgaatg
ttaaaaaact
cagatacaaa
actttatctt
ttgtatagtt
cacttatgta
ttctattttt
tttggtttat
actcatgtgt
tataataatg
cagtaattga
cacaatcgat

aaatatggga

73260

73320

73380

73440

73500

73560

73620

73680

73740

73800

73860

73920

73980

74040

74100

74160

74220

74280

74340

74400

74460

74520

74580

74640

74700

74760

74820

74880

74940

75000

75060
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agacatgtat
tatcaaggga
ggagcggtgg
acgtcaggag
taaaaactta
gcaggagaat
catteccagec
g9g9g9gggagce
cgtgagtgac
cacagggaag
aaagcagggc
tagtcaaaga
tgcgcectcette
cagagggtcc
tgcaaggtgg
aacaaagccg
tgcctcetgta
tctgcagact
atagcttcag
agcctaactg
ctctaagaca
cactgttctg
gtaaactcca
gaaaggacat
ataaaaccat
gtgcctctee
agaatgactt
aggaggaagt
ggataactag
aggcaggaga
aaagggtatc

aaaaaagaat

ataatcttag
gaaataaatt
ctcacacctg
ttcaagatca
gcectggegtg
cgcttgatcc
caggtgacag
ggtggagceca
gcagaagacg
tgccaggcag
gaggcatcac
aaagggtgac
caacaagctt
tacgccceatg
cagtgaggct
cctggaaget
ggctccacct
taaatgtccc
atctgagaac
ggaggcatcc
aaacttccag
cagccaccgc
acagacctgce
ccacaccaaa
aaagatgggg
tcctccaaag
tgacgagttg
tcgaacaaac
aataaccaat
actacgtgac
aatgacgaaa

aaaaagaaac
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agataacact
cagtcaacaa
caattgcagce
gcctggecaa
gtggcaggca
tgggaggcag
catgagactc
agatgaccga
ggtgatttct
tgggtgcagg
ctcaccecggg
agatggcacc
aacaaatggc
gagcctceget
9999929999
cgaactgggt
ctaggggcag
tgtctgacag
aggcagactg
cccagtaggg
aggaatgatc
tgttgatacc
agctgagggt
aacccatctg
aaaaagcaga
taacgcagct
agagaggaag
ggcaaagaag
gcacagaagt
aaatacacaa
gatgaaatga

gaacaaagcc

gttatttaat
taaaagcatt
actttgggag
catagtgaaa
tgtgtaatcc
aggttgcagt
cgtcacaaaa
ataggaacag
gcatttccaa
acagtaggtg
aagcacaagg
tggaaaatcg
acaccaggag
cattgctagce
tgcccaccat
ggagcccace
ggcacagaca
ctttgaagag
cctectcaag
gcagactgac
aggcagcagc
caggaaaaca
cctgactgtt
tacatcgeca
gcagaaaaac
cctcaccagc
gcttcagaag
taaaaaactt
ccttaaagga
gcctcagtaa
atgaaatgaa

tccaagaaat

114

tatcaaccca
taagaagtta
gcctagacag
cctcateget
cagcaatttg
gagccaagat
aaaaaagaaa
ctccagtcta
ctgaggtacc
cagtgcactg
ggtcagggaa
ggtcactcce
attatatccc
acagcagtct
tgtccaggcet
acagctcaag
aacaaaagac
agtagtggtt
tgggtccctg
acctcacatg
atttgcggtt
gcttctggag
agaaggaaaa
tcatcaaaga
tggacactct
aatggaacaa
atcaaactac
tgaaaaaaaa
cctgatggag
ccgatgagat
gcatgaagag

atgggactat

aagtagaaac
ttctaggcetg
gcggatcacg
actaaaaata
ggaggctgag
tgtgccactg
aaaaaaaggg
tagctccecat
aggttcatct
tgcatgagcce
ttcecectttee
gcecctaatac
atgcctggcet
gaggtcaaac
tgagcaggta
gaggcctgec
aacaagaacc
ctcccagcac
acccccgagt
gctggtacte
caccaatatc
tggacctcca
ctaacaaaca
ccaaaggtag
aaaaatgaga
agctgggcag
tccaagctaa
ttagatgaat
ctgaaaacca
caactggaag
aagtttagag

gtgaaaagac

75120

75180

75240

75300

75360

75420

75480

75540

75600

75660

75720

75780

75840

75900

75960

76020

76080

76140

76200

76260

76320

76380

76440

76500

76560

76620

76680

76740

76800

76860

76920

76980
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caaatctaca
acactctgca
acattcagga
acataactgt
agaaaggtcg
aaactctaca
ttcaacccag
cctttacaga
tcctgaagga
ccaaattgta
taacatcata
gctaaatgct
tgtgttectgt
aggatggagg
agtctctgat
cataatggca
caatacagga
tgcccacaca
gagacagaaa
aatagacatc
acaccacacc
taaaagaaca
caggattaag
gaatgactac
cgagaacaaa
gaaatttata
aacatcacaa
caagaaataa
aaaaaatcaa
tagcaagact

cggggtatca

tctaattggt
ggatattatc
aatacagaga
cagattcacc
ggttacccac
agccagaaga
aatttcatat
caagcaaatg
agcactaaac
aagaccatca
atgacaggat
ccaattaaaa
attcaggaaa
aatatctacc
aaaacagatt
aagggatcta
gcacccagat
ataataatgg
gttaacaagg
tacagaactc
tattccaaaa
gaaactataa
aaactcactc
tgggtacata
gacacaacac
gcactaaatg
ttaaaaaact
ctaagatcag
tgaatccaga
aataaagaag

ccactgatcc
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gtagctgaaa
caggagaact
acgccacaaa
aaagttgaaa
aaagggaagc

aagtgggggce

ccagccaaac
ctgagagatt
atggaaagga
aggctaggaa
caaattcata
gacacagact
cccatctcac
aagcaaatgg
ttaaaccaac
ttcaagaaga
tcataaaaca
gagactttaa
atatccagga
tccaccccaa
ctgaccacat
caaactgtct
aaaaccactc
acaaaatgaa
accagaatct
cccacaaggg
agagaagcag
agcagaagtg
agctgttttt
aaaagagaga

cacagaaata

gtgatgggga
tccccaatcet
gatactccta
tgaaggaaaa
ccatcagact
caatattcaa
taagcttcat
ttgtcaccac
acaactagta
gaaactgcat
cataacaata
ggcaaattgg
gtgcagagac
aaaacaaaaa
aaagatcaaa
agaactaact
agtcctgagt
caccccactg
attggactca
atcaacagaa
agttggaagt
ctcagaccac
agctacatgg
ggcagaaata
ctgagacaca
aaagcaggaa
gagcaaacac
aaggacatag
ttgaaaagat
agaatcaaat

caaactaccg

115

gaatggaacc
agcaaggcaa
gagaaaagca
aatgttaagg
aacagctgat
cattgttaaa
aagtgaagga
caggcctgece
tcagccactg
caacgagcaa
ctcaccttaa
ataaggagtc
acacataggc
aaggcagggg
agagacaaag
atactaaata
gacctacaaa
tcaacattag
gctctgcacc
tatacattct
aaagctctcce
agtgcaatca
aaactgaaca
aagatgttct
ttcaaagcag
agatctaaaa
attcaaaagc
agacacaaaa
caacaaaatt
agacgcaata

tcagagaata

aagttggaaa
gcccaaattce
actccaagac
gcagccagag
ctatcggcag
gaaaagaatt
gaaataaaat
ctacaagagce
caaaaacatg
aataaccagce
atgtaaatag
aagacccatc
tcgaaataaa
ttgcaatcct
aaggccatta
tatatgcacc
gagacttaga
acagatcaac
aagcagacct
tttcagcacc
tcagcaaatg
aactagaact
gcectgetect
ttgaaaccaa
tgtgtagagg
ttgacaccct
taacagaaga
aaacccttca
gatagactge
aaaaatgaca

ctataaacac

77040

77100

77160

77220

77280

77340

77400

77460

77520

77580

77640

77700

77760

77820

77880

77940

78000

78060

78120

78180

78240

78300

78360

78420

78480

78540

78600

78660

78720

78780

78840
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ctctacgcaa
ctgccaagac
attgaggcaa
gccgaattet
tcaatagaaa
ccaaagcctg
attgatgcaa
tcatcccetge
taaacagaac
acaaaattca
atctcaaaat
aaaaactgga
tcctattcaa
agggcattca
tatatctaga
gcaaagtctc
acagacaaac
taaaatacct
aaccactgcet
gggtaggaag
atgccatccc
agttcatatg
aagctggagg
cagcatggta
aaataatgcc
ggggaaagga
agctgaaact
acttacatgt
aggacatagg
acaaaatgga
ccatcagagt

acaaagggct

ataaactaga
taaaccagga
taattaatag
accagaggta
aagagggaat
acagagacac
aaatcctcaa
catgcaaggce
caaagacaca
acaacgcttc
aataagagct
agcattcecct
catagtgttg
attaggaaaa
aaaccccatt
aggatataaa
agagagccaa
aggaatccaa
caatgaaata
aatcaatatc
catcaagcta
gaaccaaaaa
catcacgcta
ctggtaccaa
gcatatctac
ttcectattt
ggatccctte
tagacctaaa
catgggcaag
caaacgggat
gaacaggcaa

aatatccaga
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aaatctagaa
agaagttgta
cttatcaacce
caaggaggag
cctcectaac
aacaaaaaaa
taaaatactg
tggttcaaca
aaccatatga
atgctaaaaa
atctatgaca
ttgaaaactg
taagttctgg
gaggaagtga
gtctcageccecce
atcagtgtgce
atcatgagtg
cttacaaggg
aaagaggata
gtgaaaatgg
ccaatgactt
agagcccaca
cctgacttca
aacagagatc
aactatctga
aataaatggt
cttacacctt
accataaaaa
gacttcatgt
ctaattaaac
cctacaaaat

atctacaatg

gaaatggata
tctctgaata
aaaaaaagtc
ctggtaccat
tcattttatg
gagaatgtta
gcaaactgat
tacgaaaatc
ttatctcaat
ctctcaataa
aacccacagc
gcacaaggca
ccagggcaat
aattgtccct
aaaatctcct
aaaaatcaca
aactcccatt
atgtgaagga
caaacaaatg
tcatactgece
tcttcacaga
tcaccaaggc
aactatacta
tagaccaatg
tctttgacaa
gctgggaaaa
atacaaaaat
ccctagaaaa
ctaaaacacc
taaagagctt
gggagaaaat

aactcaaaca
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aattcctcga
gaccaataac
cgggaccagt
tccttetgaa
aggccagcat
caccaatatc
ccaccatgat
aataaacata
agatgcagaa
attaggtatt
caatatcata
gggatgccct
caggcaggag
gtttgcagat
taagctgata
agtattccta
cacaattgct
cctcttcaag
gaagaacatt
caaggtaatt
actggaaaaa
aatcctaagc
caatgctacg
gaacagaaca
acctgagaga
ctggctagee
taattcaaga
aaacctaggce
aaaagcaatg
ctgcacagct
ttttgcaatc

aatttacaag

cacatacact
aggctctgaa
aggattcata
actattccaa
catcctgata
cttgatgaac
caagtgggct
atccagcata
aaggcctttg
gatgggacat
ctgagtggac
ctctcaccac
aaggaaataa
gacatgattg
agcaacttca
tgcaccaata
tcaaagagaa
gagaactaca
ccatgctcat
tatagattca
actactttaa
caaaagaaca
gtaaccaaaa
gagccctcag
aacaagcaat
atatgtagaa
tggattaaag
aataccattc
gcaacaaaag
aaagaaacta
tactcatctg

aaaaaacaaa

78900

78960

79020

79080

79140

79200

79260

79320

79380

79440

79500

79560

79620

79680

79740

79800

79860

79920

79980

80040

80100

80160

80220

80280

80340

80400

80460

80520

80580

80640

80700

80760
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caaccccatc
tgtaatcaaa
caaaaccaca
aaacaacagg
actgtaaact
tagaaatacc
catgctgcta
agacttggaa
tatacaccat
catggatgaa
accgcatgtt
ggaacatcac
agatatacct
tacatatata
aaaaaaaagt
tctetttgaa
<210> 20

<211> 388

<212> DNA
<213> Homo

<400> 20
taagcttcag

catagtccaa
ccttetggtt
tcatgatgag
gactcctatc
ctgaccacct
cagaatgtga
<210> 21

<211> 387

<212> DNA

<213> Homo

<400> 21
taagcttcag

aaaaagtggg
aaacacatga
atgagatacc
tgctggagag
agttcaacca
atttgaccca
taaagacaca
ccaacccaaa
ggaatactat
gctggaaact
ctcactcata
actctgggga
aatgctaaat
acaaacctgc
tatcctatta

atagacagaa

sapiens

tttttecctta
gcatgagcag
ctgtgtaacc
tcatgctgag
tgggtcccca
gactaaaact

catattctag

sapiens

tttttectta
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caaaggatat
aaaaatgctc
atctcacacc
gatgtggaga
ttgecggaagt
gccatcccat
tgcacacgta
tgtccaacaa
gcagccataa
atcattctca
ggtgggaatt
ctgttatggg
gacgagttaa
atgttgtgca
aaactgatct

atttagtgtt

gttcctgtta
ttctggecag
ttctaagcaa
gcttagggtg
gcaggatgct
ccacctcaaa

aatatatt

gaacagacac
atcatcacta
agttagaatg
aacaggaaca
cagtgtggca
tactgggtac
tgtttattge
cgatagactg
aaaatgatga
gcaaactatc
gaacaatgag
gtggggggca
tgggtgcagce
catgtaccct
cacacatccg

ttctcagtca

catttctgtg
gccecctgteg
accttetgge
tgtgcccaga
tacagggcag

cggcatcata

ttcgcaaaag
gccatcagag
gcgatcatta
acttttacac
attcctcagg
atacccaaag
agcactattc
gattaagaaa
gttcatgtcc
acaaggagaa
aacacatgga
ggggcaggga
acaccaacat
aaaacttgaa
tagagccatt

gttaac

tgtctccatt
gggtcagtge
tcaagcacag
tgttctcage
atggcaaaaa

aagaaaatgg

aagacattta
aaatgcaaat
aaaagtcagg
tgttggtggg
aatctagaac
gattataaat
acaatagcaa
atgtggcaca
tttgtaggga
taaaccaaac
cacatgaaga
tagcactagg
ggcacatgta
gtataataat

atcaagtctt

agtgacctcc
cccaccccceg
caatgctgag
ctagagtgat
aaaggagaag

atgcctgaga

gttcctgtta catttctgtg tgtctccatt agtgacctcce
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80820

80880

80940

81000

81060

81120

81180

81240

81300

81360

81420

81480

81540

81600

81660

81706

60

120

180

240

300

360

388

60
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catagtccaa
ccttetggatt
tcatgatgag
actcctatct
tgaccacctg
agaatgtgac
<210> 22
<211> 286
<212> DNA

<213> Homo

<400> 22
ctgagcaact

acttgtgtag
actgcctttg
atccacacac
aatgggtttg
<210> 23
<211> 286
<212> DNA

<213> Homo

<400> 23
ctgagcaact

cttgtgtaga
ctgectttag
atccacacac
aatgggtttg
<210> 24
<211> 301
<212> DNA

<213> Homo

<400> 24
ccaatecgtgg

ccccctcaca
aggtggcget
gcgcaggagg

atgctggaca

gcatgagcag
ctgtgtaacc
tcatgctgag
gggtccccag
actaaaactc

atattctaga

sapiens

aactcatgca
aaaccaagcg
gctaggtcce
agtttctgac

cccatctcetg

sapiens

aatcatgcag
aaccaagcgt
ctaggcccect
agtttctgac

cccatctctg

sapiens

catatcctcet
gtttteccetga
ggacatcaga
caggctggcet

cactaacctt
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ttetggecag
ttctaagcaa
gctagggtgt
caggatgctt
cacctcaaac

atatatt

ggactctcaa
tggggactga
tccctcatca
gctgecccage

ttgattagaa

gactctcaaa
ggggactgag
ccctcatcac
gctgcccage

ttgattagaa

aaactttett
acaggttgac
tttggagagg
ctcctattce

gaagaattct

gecectgteg
accttctgge
gtgcccagat
acagggcaga

ggcatcataa

acactaacct
gaaggcaata
cagctcagca
tatcaccatc

aacCaaaacaa

cactaaccta
aaggcaatag
agctcagcat
tatcaccatc

aacaaaacaa

ttccetteat
tattaattgt
cagttgtcta
agggatgcectc

tctgtectcete

118

gggtcagtge
tcaagcacag
gttctcagee
tggcaaaaaa

agaaaatgga

atageccetttt
gcaggagcat
tagtccgage
ccaagtctaa

aataaa

tagcctttte
caggagcatt
agtcctgage
ccaagtctaa

aataaa

aaatcctett
gtectgettga
gggaaccggg
atccaggaag

tcgtcattta

cccaccceccg
caatgctgag
tagagtgatg
aaggagaagc

tgcctgagac

ctatgtatct
tctgactcte
tcttatctat

agaaaaaaat

tatgtatcta
ctgactctca
tcttatctat

agaaaaaaat

teotttttttt
tgtggacacc
ctctgtgceca
gaaaggttgc

gaaaggaagg

120

180

240

300

360

387

60

120

180

240

286

60

120

180

240

286

60

120

180

240

300



10

15

20

25

30

35

40

45

50

55

<210> 25

<211> 305
<212> DNA
<213> Homo

<400> 25
ctagccaatc

ttttececceet
caccaggtgg
gccagcgcag
ttgcatgcectg
aagga
<210> 26

<211> 896
<212> DNA

sapiens

gtggcatatc
cacagtttte
cgctggacat
gaggcaggct

gacacactaa
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ctctaaactt
ctgaacaggt
cagatttgga
ggctctccta

ccttgaagaa

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

polynucleotide

<400> 26
ctcgagttaa

gcgataaact
tcacaagcag
ggctaaaccc
ccagctaaag
aagtcctatc
ccagcactcc
cagatatggg
gccggaaaag
cttgttggec
cgcccgagcec
gccggcegggyg
ataatgtcga
cccccacata

attatttctc

ttaatctcce
ctggcaactt
gcaggggaag
ctcececcace
gtccecaccee
tcaaagcagc
ctgececceccac
gccccaccect
ggtgttataa
tacagaggtg
ctgcgaggge
tacggtcacc
ttgtgtatgg
cttaacgttt

tctetetete

acgccctggt
tatctgtgea
ggaaacacat
ctagccccaa
agctecetgece
agaattatca
agcccagact
tgcaggcctt
accggtaaag
tggcaagcag
cgatagcgag
ggtceceggge
ctgatgggat
ctatatttct

tctctgacac

tcttttcect
tgactattaa
gaggcagttg
ctccagggat

ttcttcetgte

ctcagcttgg
ctgcaggcetce
atctccagat
gcttcatcett
tatctagtca
gctacgactc
tgaccaactc
ggggacgctg
gctgggggtyg
agcacctcag
ggtgtggccc
agttgcctca
tctaggacca
atttgaattc

attttatctt

119

tcataaatcc
ttgtgtetge
tctagggaac
gctcatccag

tctectegtca

Synthetic

ggagtggtca
agccccaaca
atgaggttaa
agctccactc
ttgcatatgg
ctgcaggtta
ccagctccege
aagatattga
ggagtagegg
aactcaggcg
ttatctgcac
gctgagtatg
agcaagaggt
gactggacag

gccacceeggg

tctttetttt
ttgatgtgga
cgggctctgt

gaaggaaagg

tttagaaagg

gaccccaatg
gctttagett
ttaacctgca
ctgaccctat
caagacttga
taaccatccc
ctgggacttc
ctatctgegt
atttgaagca
tactgcecege
ccagcagagc
tcttctaaag
tttttttttt
ttccatttga

ctcgag

301

60

120

180

240

300

305

60

120

180

240

300

360

420

480

540

600

660

720

780

840

896
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Claims

EP 3 620 521 A1

1. Aninsulator comprising the CTCF binding site sequence set forth in SEQ ID NO:18, optionally wherein the insulator
comprises the nucleotide sequence set forth in SEQ ID NO:1, SEQ ID NO: 24 or SEQ ID NO:25

2. An expression cassette comprising the insulator of claim 1, and a globin gene or a functional portion thereof operably
linked to a B-globin locus control region (LCR) region.

3. The expression cassette of claim 2, wherein the -globin LCR region

a. does not comprise a Dnase | hypersensitive site-2 (HS2) region, and optionally

i. the B-globin LCR region does not comprise a core sequence of HS2; and/or
ii. the B-globin LCR region does not comprise a HS2 region that sustains the enhancer activity of HS2;

b. comprises a Dnase | hypersensitive site-1 (HS1) region, a Dnase | hypersensitive site-3 (HS3) region, and
a Dnase | hypersensitive site-4 (HS4) region, and optionally the HS3 region is positioned between the HS1
region and the HS4 region;

c. does not comprise a HS1 region, and optionally

i. the B-globin LCR region does not comprise a core sequence of HS1;

ii. the B-globin LCR region does not comprise a HS1 region that sustains the function of HS1; and/or

iii. the pB-globin LCR region comprises a HS3 region and a HS4 region, and optionally the HS3 region is
positioned between the globin gene or functional portion thereof and the HS4 region; and/or

d. comprises a HS2 region, a HS3 region, and a HS4 region, and optionally further comprising a HS1 region.

4. The expression cassette of claim 3, wherein

(a) the core sequence of HS2 has the nucleotide sequence set forth in SEQ ID NO:20 or SEQ ID NO: 21; and/or
(b) the HS1 region is about 1.1 kb in length, about 600 bp in length, or about 490 bp in length, optionally the
HS 1 region has the nucleotide sequence set forth in SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:4; and/or
(c) the core sequence of HS1 has the nucleotide sequence set forth in SEQ ID NO:22 or SEQ ID NO:23; and/or
(d) the HS3 region is about 1300 bp in length, optionally the HS3 region has the nucleotide sequence set forth
in SEQ ID NO:5; and/or

(e) the HS4 regionis about 1.1 kb in length or about 450 bp in length, optionally the HS4 region has the nucleotide
sequence set forth in SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8.

5. The expression cassette of claim 3, wherein

a. the B-globin LCR region comprises a HS1 region, a HS3 region, and a HS4 region and does not comprise a
HS2 region, wherein

i. the HS1 region comprises the nucleotide sequence set forth in SEQ ID NO:2, the HS3 region comprises
the nucleotide sequence set forth in SEQ ID NO:5, and the HS4 region comprises the nucleotide sequence
set forth in SEQ ID NO:6;

ii. the HS1 region comprises the nucleotide sequence set forth in SEQ ID NO:3, the HS3 region comprises
the nucleotide sequence set forth in SEQ ID NO:5, and the HS4 region comprises the nucleotide sequence
set forth in SEQ ID NO:8; or

iii. the HS1 region comprises the nucleotide sequence set forth in SEQ ID NO:4, the HS3 region comprises
the nucleotide sequence set forth in SEQ ID NO:5, and the HS4 region comprises the nucleotide sequence
set forth in SEQ ID NO:8; or

b. the B-globin LCR region comprises a HS3 region and a HS4 region and does not comprise a HS1 region or
a HS2 region, wherein the HS3 region comprises the nucleotide sequence set forth in SEQ ID NO:5 and the
HS4 region comprises the nucleotide sequence set forth in SEQ ID NO:6; or

c. the B-globin LCR region comprises a HS2 region, a HS3 region, and a HS4 region, and the HS2 region
comprises the nucleotide sequence set forth in SEQ ID NO:9, the HS3 region comprises the nucleotide sequence
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10.

1.

12.
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set forth in SEQ ID NO:5, and the HS4 region comprises the nucleotide sequence set forth in SEQ ID NO:7; or
d. the B-globin LCR region comprises a HS2 region, a HS3 region, and a HS4 region and the HS2 region is
860bp in length, and/or the HS3 region is about 1300 bp in length, and/or the HS4 region is about 1.1 kb in
length; optionally the HS2 region comprises the nucleotide sequence set forth in SEQ ID NO:9, and/or the HS3
region comprises the nucleotide sequence set forth in SEQ ID NO:5, and/or the HS4 region comprises the
nucleotide sequence set forth in SEQ ID NO:7.

The expression cassette of any one of claims 2-5, wherein the globin gene is selected from the group consisting of
B-globin gene, y-globin gene, and 8-globin gene, optionally the globin gene is human B-globin gene, and optionally
the human B-globin gene is selected from the group consisting of a wild-type human B-globin gene, a deleted human
B-globin gene comprising one or more deletions of intron sequences, and a mutated human p-globin gene encoding
at least one anti-sickling amino acid residue, optionally the human B-globin gene is human pA-globin gene encoding
a threonine to glutamine mutation at codon 87 (BA-T87Q),

The expression cassette of any one of claims 2-6, further comprising:

a. a B-globin promoter, and optionally the B-globin promoter i) is positioned between the globin gene or functional
portion thereof and the B-globin LCR region, and/or ii) is a human B-globin promoter that is about 610 bp or
about 265 in length, optionally the B-globin promoter has the nucleotide sequence set forth in SEQ ID NO:10
or SEQ ID NO: 11; and/or

b. a human B-globin 3’ enhancer, and optionally the human B-globin 3’ enhancer i) is positioned in the upstream
of the globin gene or functional portion thereof, and/or ii) is about 880 bp in length, and optionally the human
B-globin 3’ enhancer has the nucleotide sequence set forth in SEQ ID NO: 12; and/or

c. at least one (e.g., one, two or three) erythroid-specific enhancer, and optionally the at least one erythroid
-specific enhancer i) is positioned between the globin gene or functional portion thereof and -globin LCR region,
and/or ii) the at least one erythroid-specific enhancer has a nucleotide sequence set forth in SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17.

A recombinant vector comprising the expression cassette of any one of claims 2-7, and optionally wherein the
recombinant vector is a retroviral vector, and optionally wherein the recombinant vector is a lentivirus vector.

The recombinant vector of claim 8, further comprising: a Woodchuck hepatitis post-regulatory element (WPRE) in
the 3’ long terminal repeat (LTR) of the vector, and/or a bovine growth hormone polyadenylation signal in the 3’ long
terminal repeat (LTR) of the vector.

A targeted delivery system comprising a non-naturally occurring or engineered nuclease and a polypeptide encoded
by the expression cassette of any one of claims 2-7, optionally the nuclease is selected from the group consisting
of a non-naturally occurring or engineered zinc-finger nuclease (ZFN), a non-naturally occurring or engineered
meganuclease, and a non-naturally occurring or engineered transcription activator-like effector nuclease (TALEN),
and/or the nuclease comprises a DNA binding domain and a nuclease cleavage domain, and/or the nuclease binds
to a genomic safe harbor site, and optionally

a. the nuclease generates a double strand break (DSB) at the genomic safe harbor site; and/or

b. the genomic safe harbor site is an extragenic genomic safe harbor site; and/or

c. the genomic safe harbor site is located on chromosome 1; and/or

d. the genomic safe harbor site meets all of the following five criteria: (1) distance of at least 50 kb from the 5’
end of any gene (e.g., from the 5’ end of the gene), (ii) distance of at least 300 kb from any cancer-related gene,
(iii) within an open/accessible chromatin structure (measured by DNA cleavage with natural or engineered
nucleases), (iv) location outside a gene transcription unit and (v) location outside ultraconserved regions (UCRSs),
microRNA or long non-coding RNA of the human genome.

A targeted delivery system comprising a non-naturally occurring or engineered CRISPR-Cas system and a polypep-
tide encoded by the expression cassette of any one of claims 2-7, optionally the CRISPR-Cas system comprises a
CRISPR-Cas nuclease and a single-guide RNA, and optionally the CRISPR-Cas system binds to a genomic safe
harbor site.

A vector comprising a polynucleotide encoding a non-naturally occurring or engineered nuclease and the expression
cassette of any one of claims 2-7, optionally the vector is a lentiviral vector, and optionally the nuclease is selected
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13.

14.

15.

16.

17.
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from the group consisting of a non-naturally occurring or engineered zinc-finger nuclease (ZFN), a non-naturally
occurring or engineered meganuclease, and a non-naturally occurring or engineered transcription activator-like
effector nuclease (TALEN), and/or the nuclease comprises a DNA binding domain and a nuclease cleavage domain,
and/or the nuclease binds to a genomic safe harbor site, and optionally

a. the nuclease generates a double strand break (DSB) at the genomic safe harbor site; and/or

b. the genomic safe harbor site is an extragenic genomic safe harbor site; and/or

c. the genomic safe harbor site is located on chromosome 1; and/or

d. the genomic safe harbor site meets all of the following five criteria: (1) distance of at least 50 kb from the 5’
end of any gene (e.g., from the 5’ end of the gene), (ii) distance of at least 300 kb from any cancer-related gene,
(iii) within an open/accessible chromatin structure (measured by DNA cleavage with natural or engineered
nucleases), (iv) location outside a gene transcription unit and (v) location outside ultraconserved regions (UCRSs),
microRNA or long non-coding RNA of the human genome.

A vector comprising a polynucleotide encoding a non-naturally occurring or engineered CRISPR-Cas system and
the expression cassette of any one of claims 2-7, optionally the CRISPR-Cas system comprises a CRISPR-Cas
nuclease and a single-guide RNA, and optionally the CRISPR-Cas system binds to a genomic safe harbor site, and
optionally the vector is a lentiviral vector.

A cell transduced with the expression cassette of any one of claims 2-7, the recombinant vector of claim 8 or 9, the
targeted delivery system of claim 10 or 11, or the vector of claim 12 or 13, optionally the cell is selected from the
group consisting of a hematopoietic stem cell, an embryonic stem cell, an induced pluripotent stem cell, and a
hemogenic endothelium cell, and optionally the cell is transduced ex vivo, and optionally the hematopoietic stem
cell is a CD34* hematopoietic stem cell.

A composition comprising the cell of claim 14, optionally the composition is a pharmaceutical composition further
comprising a pharmaceutically acceptable.

The cell of claim 14 or the composition for claim 15 for use in treating a hemoglobinopathy in a subject or for use
in restoring a subject’s ability to produce red blood cells containing normal hemoglobin, optionally wherein the
hemoglobinopathy is selected from the group consisting of hemoglobin C disease, hemoglobin sickle cell disease
(SCD), sickle cell anemia, hereditary anemia, thalassemia, B-thalassemia, thalassemia major, thalassemia inter-
media, a-thalassemia, and hemoglobin H disease.

A kit for treating a hemoglobinopathy comprising the cell of claim 14, and optionally further comprising written
instructions for using the cell for treating a subject having a hemoglobinopathy, and/or wherein the hemoglobinopathy
is selected from the group consisting of hemoglobin C disease, hemoglobin sickle cell disease (SCD), sickle cell
anemia, hereditary anemia, thalassemia, B-thalassemia, thalassemia major, thalassemia intermedia, a-thalassemia,
and hemoglobin H disease.
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